DOCUMENT RESUME 



ED 082 050 



CE 000 349 



TITLE 

INSTITUTION 
REPORT NO 
PUB DATE 
NOTE 

AVAILABLE FROM 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Instrumentman 1 and C. NAVTRA 10194--'C. Rate Training 
Manual. 

Bureau of Naval Personnel , Washington , D.C • 

NAVTRA-10194-C 

73 

374p. 

Superintendent of Documents, U.S. Government Printing 
Office, Washington, D,C. 20402 (Stock Number 
0502-050-9710) 

MF-$0,65 HC-$13, 16 

Administration; Equipment; *lns trumenta tion 
Technicians; *Job Training; Maintenance; ^Manuals; 
^Military Personnel ; Repair ; Safety ; Skilled 
Occupations; ^Vocational Education; Watchmakers 
^Instrument man 1 and c 



ABSTRACT 

A guide for advancement and training in the 
Instrumentman 1 and C ratings for Navy personnel is provided in this 
manual. The chapters outline the duties and responsibilities of the 
Instrumentmen involved with mechanical instrument repair and 
calibration shops, safety procedures, watch and clock repair and 
adjustments, electrical typewriters, calculators, other office 
equipment, manufacturing and administrative duties. There are 
extensive diagrams, drawings, and photographs together with an 
appendix containing a report of calibration for the Deadweight 
Tester. (KP) 
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PREFACE 



The primary purpose of training is to produce a Navy which can 
maintain control of the sea and guarantee victory. Victory at sea 
depends upon the state of readiness of shipboard personnel to perform 
tasks assigned to them in accordance with the needs of their ship. 
This Rate Training Manual provides information related to the tasks 
assigned to InStrumentmen First Class and Chief Instrumentmen who 
maintain office machines, wat'-hes, clocks, gages, toirque wrepches, 
flow meters, temperature measuring devices, and other instruments. 
It is only when shiptoard personnel can and do perform their tasks 
efficiently that each ship will be adding her contribution which is es- 
sential to guarantee victoiy at sea. As an IMl or IMC, you will be 
expected to know the information in this manual and to perform your 
assigned tasks. The degree of sucess of the Navy will depend in part 
on your ability and the manner in which you perform your duties. 

This manual was prepared by the Naval Training Publications 
Detachment, Washington, D. C. for the Naval Training Command. 
Technical assistance was provided by Naval Ships Engineering Center, 
Philadelphia; Naval Ship Systems Command, Washington, D. C; Serv- 
ice School Command, Great Lakes. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy Is responsible for maintaining control of the sea 
and Is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instpnt offensive action to win in war.-' 

It Is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve vyith honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, hew techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, contr I of the sea gives the United States her 
greatest advantage for the mc -^tenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and In reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER ] 

INTRODUCTION 



At this stage in yoar naval career, you must 
be aware of how inportant training is to the 
accomplishme nt of your own goals and the Navy's 
mission. Neither objective can be attained unless 
you continue to acquire the specific knowledges 
and skills for doing, or doing better, your 
assigned tasks. When combined with practical 
experience, the instruction provided by tiMS Rate 
Training Manual will help you become a pro- 
ficient worker, and enable you to accept greater 
responsibilities. The Navy, too, will benefit 
from your technical competence and sense of 
personal responsibility. 

Your own contribution to 'Victory at sea'' 
depends largely on your willingness and ability 
to accept increasing responsibilities. When you 
became a Third Class Instrumentman you began 
to accept a certain ami'Unt of responsibility for 
the work of others. Advancement to Second Class 
meant more responsibility. By studying this 
manual, you indicate a desire to take on even 
more. 

With each advancement, you acquire increased 
responsibility not only in matters relating to the 
occupational requirements of your rating, but 
)n military matters as well. You will find that 
your responsibilities for military leadership are 
about the same as those of petty officers in other 
ratings, since every petty officer is a military 
person as well as a technical specialist. Your 
responsibilities for technical leadership are 
special to your rating and are directly related 
to the nature of your work. Maintaining me- 
chanical instruments, office machines, and Navy 
timepieces calls for teamwork, and requires 
a special kind of supervisory ability that ' .n 
Only be developed by personnel who have a high 
degree of technical competence and a deep 
sense of personal responsibility. 

YOUR RESPONSIBILITIES WILL EXTEND 
BOTH UPWARD AND DOWNWARD, Both officers 
and enlisted personnel will expect you to trans- 
late the general orders given by officers into 
detailed, practical on-the-job language that can 



be understood and followed even by relatively 
inexperienced personnel. In dealing with your 
juniors, it is up to you to see that they pex'form 
their work properly. At tlie same 'imo, you must 
be able to explain to officers any important 
needs or problems of the enlisted men. 

YOU WILL HAVE REGULAR AND CONTINU- 
ING RESPONSIBILITIES FOR TRAINING, Even 
if you are lucky enough to have highly skilled 
and well trained men in the optical shop, you 
will still find that more training is necessary. 
Some of your l:>es^ workers may be transferred 
and inexperienced or poorly trained personnel 
may be assigned to you. Or a particular job 
may call for skills that none of your personnel 
have. These and similar problems require you 
to be a specialist who can train' others to per- 
form their assigned tasks. 

YOU WILL HAVE iNCREASING RESPONSI- 
BILITIES FOR WORKING WITH OTHERS. You 
will find that many of your plans and decisions 
affect a large number of people, some of whom 
are not in the Instrument workcenter and some 
of whom are not even in the same division. 
It becomes increasingly important, therefore, 
to understand the duties and responsibilities of 
personnel in other ratings. Every petty officer 
in the Navy is a technical specialist in his own 
field. Learn as much fLs you can aoout the work 
of other ratings » and plan your own work so 
that it will fit in with the overall mission of 
the organization. 

AS YOUR RESPONSIBILITIES INCREASE, 
YOUR ABILITY TO COMVIUHICATE CLEARLY 
AND EFFECTIVELY MUST ALSO INCREASE. 
The basic requirement for effective commimica- 
tion is a knowledge of your own language. Use 
correct language in speaking and in writing, 
Rememl^er that the basic purpose of all com- 
munication is understanding. To lead, supervise, 
and train others, you must be able to speak 
and write in such a way that others can under- 
stand exactly what you mean. 
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A second requirement for effective com- 
munication in the Navy is a sound knowledge of 
the Navy way of saying things. Some Navy termr, 
have been standardi?:ed for the purpose of en- 
suring efficient comnmnicatioa. When a situation 
calls for the use of standard Navy terminology, 
use it. 

Still another requirement of effective com- 
munication is precision in the use of technical 
termr^, A command of the technical language of 
the Ins(:ruriiontmi>n rating will enable you to receive 
and convey information accurately and to ex- 
change ideas with others, A person who does 
not understand the precise moaning of term^n 
in connection with the work of his own rating 
is at a disadvantage when he tries to read of- 
ficial publications relating to his work. He is 
also at a great disadvantage v/hen he takes 
the written examinations for advancement. Al- 
though it is always important for you to use 
technical terms correctly, it is particularly im- 
portant when you are dealing with lower rated 
msn; sloppiness in the use of technical terms 
is likely to be very confusing to an inexperienced 
man. 

YOU WILL HAVE INCREASED RESPONSI- 
BILITIES FOR KEEPING UP WITH NEW DE- 
VELOPMENTS, Practically everything in the 
Navy — policies, procedures, equipment, publica- 
tions, systems — is subject to change and de- 
velopment. As an IML, and even more as an 
IMC, you must keep yourself informed about 
all changes and new developm^^nts that m'ght 
affect your rating or your work. 

Some changes will be called directly to your 
attention, but others you will have to look for. 
Try to develop a special kind of alertness for 
new information. Keep up to date on all avail- 
able sources of technical information. Information 
on sources of primary concern to the Instru- 
mentman is given later in this chapter. 



YOUR JOB 

An Instrumentman Is generally assigned duty 
in the Instrument workcenter on repair ships 
and tenders. Here he will maintain the office 
machines, Navy timepieces, and mechanical in- 
struments , A senior Instrumentman will have 
adnriinistrative duties to perform, such as pre- 
paring or helping his division officer prepare 
preventive maintenance schedules in accordance 
with the Planned Maintenance Subsystem of the 
3-M System; maintaining records of receipt 
and expenditure for repair parts and supplies; 



planning, scheduling, assigning, and releasing 
repair work in accordance with ship's avail- 
abilities; and supervising the training of per- 
sonnel in repair and overhaul of office machines 
and other instruments. 

Shore duty for Chief and First Class Instru- 
merjtmen includes recruiting duty and instructor 
duty at an OM/IM school or Naval Reserve 
training center. Also, there are billets for Chief 
Instrumentmen at the Naval Examining Center, 
Great Lakes, Illinois, \yhere the Navywide 
advancement examinations are constructed, and 
at the Naval Training Publications Detachment, 
where Rate Training Manuals, correspondence 
courses, and other training materials are written 
and revised. 



SCOPE OF THIS TRAINING MANUAL 

Before studying this manual, you should know ^ 
its scope and purpose. Go over the table of 
contents and note the arrangement of topics. 
Subject ^ tatter can be organized and presented 
in many different ways. You will find it helpful 
to get an overall view of this manual's organi- 
zation before starting to study. Here are some 
points of interest concerning this manual: 

•It must be satisfactorily completed before 
you can advance to IMl or IMC, whether you are 
in the Regular Navy or in the Naval Reserve. 

•It is designed to provide information on the 
occupational qualifications for advancement to 
IMl and IMC, 

•The occupational' qualifications that were used 
as a guide in the preparation of this manual 
were those promulgated in the Manual of Quali- 
fications for Advancement, NAVPERS 18068-C 
.(1971). Changes in the Instrumentman *s quali- 
fications occurring after this edition of the Quals 
Manual became effective may not be reflected 
in the topics of this training manual. 

•It includes subject matter that is related 
to both the KNOWLEDGE FACTORS and the 
PRACTICAL FACTORS of the qualifications for 
advancement to IMl and IMC, No.training manual, 
however, can take the place of on-the-job ex- 
perience for . developing skill in the practical 
factors. When possible, this manual should be 
used in conjunction with the Record of Practical 
Factors, NAVPERS 1414/1, 
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•It is NOT designed to provide inforination 
on the military requirements for petty officers. 
Such information is contained in specially pre- 
pared Rate Training Manuals, which are de- 
scribed briefly later in this chapter. 

SOURCES OF INFORMATION 

It is very important for you to have an exten- 
sive knowledge of the. references to consult for 
detailed, authoritative, up-to-date information 
on all subjects related to the military require- 
ments and to the occupational qualifications of 
the Instrumentman rating. 

Some of the references are changed or re- 
vised at regular intervals, others as the need 
arises. When using any publication that is sub- 
ject to change or revision, lye sure you have 
the latest edition. When using any publication 
that is kept current by means of changes, be 
sure you have a copy in which all official changes 
have been entered. 

NAVAL TRAINING (NAVTRA) 
PUBLICATIONS 

Effective 15 January 1972, the Naval Training , 
Support Command and its field activities came 
directly under the command of the Chief of Naval 
Training instead of the Chief of Naval Personnel. 
Training materials published by the Naval Train- 
ing Support Command after the above date are 
designated NAVTRA in lieu of NAVPERS; in 
most cases, the numbers remain as originally 
assigned. The designators of publicaUons printed 
before the * above date will be changed as each 
publication is revised. 

The naval training publications described 
here include some that are absolutely essential 
for meeting your job requirements and some 
that are extremely helpful, although not es- 
sential. 

Bibliography for Advancement Study, 
NAVTRA 10052 

This pamphlet provides a working list of 
material for enlisted personnel who are studying 
for their advancement examinations. It is revised 
and issued annually by the Naval Training Sup- 
. port Command. Each revised edition is identified 
by a letter following the NAVTRA number. When 
using the bibliography, be sure you have the most 
recent edition. 



The working list contains' required and rec- 
ommended Hate Training Manuals and other 
references. A Rate Training Manual marked 
with an asterisk (*) in NAVTRA 10052 is MAN- 
DATORY at the indicated rate level. You are 
responsible, however, for all references at lower 
levels, as well as those listed for the rate to 
which you are seeking advancement. A mandatory 
Rate Training Manual may be completed by (1) 
passing the appropriate correspondence course 
based on the manual, (2) passing locally prepared 
tests based on the manual, or (3) in some cases, 
successfully completing . an appropriate Navy 
school. 

All references, whether mandatory or rec- 
ommended, listed in NAVTRA 10052 may be 
used as source material for the written advance- 
ment examinations, at the appropriate levels. 
In addition, references cited in a mandatory or 
recommended Rate Training Manual may be used 
as source material for the examination questions. 
Figure. 1-1 is a modified sample p'age of the 
bibliovT^phy. It does not show all the references 
listed in NAVTRA 10052 for the IM rating. 

Rate Training Manuals 

These manuals help enlisted personnel ful- 
fill their job requirements as expressed by the 
practical and knowledge factors that they must 
acquire for advancement. Some manuals are 
general, and intended for more than one rating; 
others, such as this one, are specific to the 
particular rating. 

Rate Training Manuals are revised from 
time to time to bring them up to date. The re- 
vision of a Rate Training Manual is identified 
by a letter following the NAVVRA number. You 
can tell whether a Rate Training Manual is the 
latest edition by checking the NAVTRA number 
and the letter following the number in the most 
recent edition of the List of Training Manuals 
and Correspondence Courses, NAVTRA 10061 
(revised). 

The current editions of Basic Military Re- 
quirements, NAVPERS 10054, Military Require- 
ments for Petty Officer 3&2, NAVPERS 10056, 
and Military Requirements for Petty Officer 
l&C, NAVPERS 10057, provide information mostly 
on general military subjects. The manuals also 
contain information on the enlisted rating struc- 
ture; how to prepare for advancement; how to 
supervise, train, and lead other men; and how 
to meet your increasing responsibilities. 

The basic training manuals — Tools and Their 
Uses, Blueprint Reading and Sketching, and Basic 
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RATINGS 

(1) 


PUBLICATIONS TITLES 
(2) 


TEXT 
IDENTIFtCAtlON 
NUMBER 

. (3) 


CORRESPOi.'OENCR 
COURSE 
fOENTlFlCATlON 
NUMBER 

(4) 


APPLICABLE 
RATE 
LEVELS 

(S) 


GROUP IV. PRECISION EQUIPMENT 


/ INSTRUMKNTMAN 
(IM) 


^Instrumentmm 3 & 2 


NavPers 
10193-C 


• 91383-1 


E-4, E-5 




*Itistrunientman 1 & C 


NavPers 
10194-B 


91385-B 


E-6, E-7 




Blueprint Real ing and 
Sketching (Ch ipters 


NavPers 
10077-C 




E-4 




Opticalnaan o U 2 
(Chapter 7- 
niaterial on clean- 
ing and painting) 


NavPers 
10205*-A 




E-4 




Tools and Their U':cs 


KavPers 
10085-B 


91228-2 


E-'4 




Supply Afloat Packaging 
Procedures 


KavSo 
P-484 , 




E-^4 




Basic Machines 
(Chapters 1^ 3, 4. 
6, 9. 10.11) 


N'avPers 
10624-A 


91230-F 


E-4 


- 


Mil Std 1330 (Ships) 






E-4 




Fluid Power 
(Chapters 1. 2, 3, 
9. 10) 


NavPers 
16193-B 




E-4 


) 


Maintenance and 

Material Management 

(3-M) Manual 
. (Chaps. 1, 2, 3, 4, 6) - 

(Chaps. 5, 7) 


OpNav 
43 P2 




E-5 
E-6 




Boilerman 3 & 2 
(pp 134-139) 


NavPers 
10535-1 




E-6 




•Basic E\i ctricity 
Chapter 2 
Chapter 4 


NavPers 
10C36-B • 




E-4 
E-5 













91.576.1 

1 - 1 . — Sample bibli ogr aphy (IM ) . 
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RATINGS 

(1) 


PUBLICATIONS TITLES 
(2) 


TEXT 
IDENTIFICATION 
NUMBER 

(3) 


CORRESPONDENCE 
COURSE 
lOENTlFiCATIOH 
NUMBER 

/ (4) ; 


APPLICABLE 
RATE 
LEVELS 

(5) 






GROUP IV. PRECISION EQUIPMENT-Coniinue 


d 






INbTia'MKNTMAN 

(IM) 
(CcniMiuied) 


Navy Security Manual: 
lArlil'ies OGOl-0605, 
06lO-OGl4p 0616-0619, 
0622-0625, 0b01-0e03, 
080S, 0811,1, 0901- 
0902, 0910, 0915, - 
0925.1, 1206, 1504, 
1515-1516, 1519) 
(Articles 0105, 0107, 
0112; Chap. 5; Chap. 6, 
sec. 5; 0701, 0704) 
^Articles 0405-040U, 
0^23-0124, 0426, 0432, 
0443) 
{Ch^p, 3) 


OpNavInst 
5510 series 




E-4 
E-5 . 
E-6 

E-7 ' 


• 

• 


• 


NavShips Technical 
Manual (Chapter 
9230) 

{Chapters 9690, 
9870) 

Physical Measurements 

Boilerman 1 & C 
(Chap. 8) 


NavAir 
17-35QAL-2 

NavPers 

-lUOuw— Lf 




E-4 
E-6 
E-6 

E-7 






OpticaJrnan 3 & 2 


NavPers 
10205-A 


91386-A 


E-8 






Handbook of Test 
Methods and 
Practices (Sees. 
1; 2, pars. 2-1, 2-2 
and 2-11) 


KavSliips 
0967-000-0130 




E-8 
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Figure 1-1.— Sample bibliography (IM/ — Continued. 
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. Electricity — are available for the use of ull 
ratei^ and ratings, as needed. Their use hy 
Instrumentmen is essential. 

For a complete listing of Rate Training 
Manuals, consult the List of Training Manuals 
and Correspondence Courses, NAVTRA 10061 
(revised). 

Correspondence Courses 

Naval correspondence courses are self-study 
media for providing instruction to personnel in 
professional naval subjects. They play an im- 
portant role ill helping enlisted personnel train 
for advancement and in meeting their job re- 
quirements. Enlisted personnel may enroll in 
.three kinds of correspondence courses: Enlisted 
(ECC), Officer-Enlisted (OCC-ECC), and a com- 
bination of the ECC and the functional individual 



training system (EC.C-FITS). There is an ECC 
based on this Rate Training Manual. 

TRAINING FILMS 

Training films are valuable sources of in- 
formation on many technical subjects. The United 
States Navy Film Catalog, NAVAIR 10-1-777, 
lists titles and descriptions of films which have 
been authorized for training and information in 
the Naval Establishment. Th's catalog also con- 
tains instructions on how to obtain film prints. 
Catalog supplements are published periodically 
to provide new listings and corrections. 

When selecting a film^ be sure to note its 
year of production which is given }r. the catalog. 
Procedures sometimes change rapidly, thus some 
films become obsolete rapidly. If obsolete only 
in part, a r.lm may be shown effectively if before 
or during ^ts showing you point out to trainees 
the parts that have changed. 
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CHAPTER 2 

ADMINISTRATION 



As an Insti^umentman First or Chief you will 
take on the administrative duties and responsi- 
bilities that go with the third stripe or the ^'hat". 
These include inspections, maintaining logs and 
records, inventories, ordering spare parts, and 
prepariiig training schedules. 

To successfully perform your job, you need 
a thorough understanding of department and 
division organization and administration aboard 
your ship. You will also need to know how your 
work center is organized and administered. 

This chapter describes the organization and 
functions of a representative tender repair de- 
partment, points out the duties and responsi- 
bilities of department persoijiel, and provides 
some techniques for supervising an instrument 
shop. After you have read this chapter, you 
should be able to: 

a« Outline the organization of a repair depart- 
ment and state the functions of its personnel. 

b. Schedule and assign repair jobs. 

c. Prepare appropriate forms*. 

d. Outline quality control procedures. 

e. Prepare training plans for personnel. 

f. Describe the elements of security con- 
tained in certain chapters and articles 
of the Security Manual. 

REPAIR DEPARTMENT ORGANIZATICM 

A ship's organisation and regulation manual' 
gives the ship's administrative organization; and 
it contains the administrative and operational 
bills, routine work details, and other details of 
duty to be performed by or assigned to the ship's 
divisions. 

A department in a ship's organization is a 
segment of the organization; a division is a com- 
ponent of a department. A department is created 
for the sole purpose of carrying out specific 
responsibilities, such as engineering; a division 
is responsible for the execution of a definite 



portion of a department's mission. For the sake 
of better administration, a division is further 
divided into sections with specific functions. 
The size of a division varies from one or two 
members to over one hundred members. 

The primary function of the repair depart- 
ment is the repair and maintenance of ships 
(and equipment) assigned by higher authority. 
A secondary mission of the repair department 
is the repair of the ship's own machinery and 
equipment. 

Study illu tration 2-1, wixich gives the ad- 
ministrative organization of the repair depart- 
ment in the USS Sierra (AD-18). The assistant 
repair officer is the division officer of the R-A 
division and has leomen assigned to help him 
administer the office — correspondence, records^ 
reports, publications, instruction books, files, 
supplies, organization chart, maintenance of of- 
fice space, and routing of work requests. All 
other division officers in the department are 
responsible ior the functions listed b^ low their 
division designation on figure 2-1. Observe that 
your division (Ordnance Systems Repair) on this 
ship contains five work centers and three instru- 
ment work centers. On other repair ships and 
tenders the instrument work centers may be 
in R-4: division or R-2 division. The admin- 
istrative organization of the repair department 
on this ship is typical for repair ships and 
tenders, but it is not standard on all of them. 

R-5 divifion is responsible for ordnance 
systems repair, and is generally comprised of 
eight work centers: optical, fire control, ord- 
nance, sonar, canvas, watch, office machine, 
and MIRCS. The fire control work center con- 
ducts, for example, tests of electrical fire 
control circuits for continuity, grounds, short 
circuits; it also repairs, adjusts, and calibrates 
fire control radars. 

The sonar work center repairs, tests, and 
calibrates all types of sonars, fire control 
systems, and fathometers used in naval ships; 
provides calibrated hydrophones to tended ships 
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REPAIR OFFICER 



T 



ASSISTANT REPAIR OFFICER 



R-A DIVISION OrplCER 

(ADMINISTRATION ) 



R-1 DIVISION OFFICER 
(HULL REPAIR) 



R-2 DIVISION OFFICER 
(MACHINERY REPAIR ) 



R-3 DIVISION OFFICER 
(ELECTRICAL REPAIR) 



R-4 DIVISION OFFICER 
(ELECTRONICS REfAIR) 



R-5 DIVISION OFFICER 
(ORDNANCE SYSTEMS REPAIR ) 



OPTICAL SHOP 






ORDNANCE REPAIR SHOP 










WATCH REPAIR SHOP 


- 




FIRE CONTliOL SHOP 










OFFICE MACHINE SHOP 






SONAR SHOP 










MECHANICAL INSTRUMENT REPAIR 
a CALIBRATION SHOP (MIRCS) 






CANVAS SHOP 





63.10-AD 

Figure 2-1. ^Administrative organization of the repair department in the USS Sierra (AD-18) 



for calibrating their own units; provides tended 
ship's personnel technical assistance for repairs 
to sonar equipment; and accomplishes field 
changes and work related to underwater sound 
equipment. 

The optical work center repairs, calibrates, 
and/or coUimates binoculars (7 x 50 hand-held 
and 20 x 120 mounted), ship's telescopes, and 



gimsight telescopes; repairs parallel motion pro- 
tractors, magnetic compasses, and other uavi- 
gatioiial instruments. 

The canvas work center fabricates miscel- 
laneous canvas covers, awnings, and boat cloths 
and also upholsters furniture. 

The watch shop cleans, repairs, and adjusts 
for accuracy Navy clocks and watches, including 
battery-powered time pieces. 
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The olfice machine repair shop is responsible 
for cleaning, repairing, and adjusting standard 
and electric typewriters, adding machines, cal- 
culators, stencil process machines, and fluid, 
spirit, and direct process duplicators. 

The mechanical instrument repair and cali- 
bration shops (MIRCS) work center repairs and 
calibrates pressure gages, pressure gage test 
and calibrating equipment, manometers, draft 
gages, barometers, tank level ind^'cators, ther- 
mometers, revolution counters, tachometers, tor- 
que wrenches, and fluid meters. Fluid or flow 
meters are calibrated on only ARs having flow 
test stands. 

REPAIR OFFICER 

As the administrative head of the repair 
department, the repair officer is responsible 
to the comn^anding officer for the accomplish- 
ment of repairs and alterations to ships made 
available for such work by competent authority, 
and for such other duties as may be assigned. 
Specifically, he is responsible for: 

1. Preparing estimates of funds required for 
the operation of his department. 

2. Planning and scheduling work for his de- 
partment. 

3. Inspecting work in progress to ensure its 
timely and satisfactory completion. 

4. Establishing and operating an adequate 
job order system. 

5. Maintaining a record of charges for ma- 
terials used in effecting repairs. 

6. Performance of duty by assigned assistants . 

ASSISTANT REPAIR OFFICER 

Responsibilities of assistant department heads 
include: (1) supervision and training of assigned 
personnel; (2) care and use of equipage a id 
stores charged to them; (3) unkeep and cleanli- 
ness of spaces; (4) maintenance of pertinent 
records; (5) preparation of rc:quired reports; 
and (6) such other duties as may be assigned. 

In addition to the duties just listed, an as- 
sistant repair officer is a.lso responsible for: 

1. Adininistration of the repair department. 

2. Reviewing of repair requests from as- 
signed ships and assigning the requests to ap- 
propriate shops for necessary action — accom- 
plishment of the work. 

3. Administration of the R-A division, in- 
cluding the preparation of departmentcorrespond- 

Q ence. 
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4. Assignment of msss cooks, and manage- 
ment of assigned compartment (s). 

5. Follow-up on work assigned to shops, to 
ensure timely and satisfactory completion. 

6. Supervision of the preparation and final 
approval of a repair department watch list. 

7. Inspection of shops for work procedures, 
work hazards, and cleanliness. 

8. Handling of special requests from de- 
partment personnel. 

9. Review of division organization charts 
for balance of rated and nan- rated men in each 
duty section. 

10. Review (monthly) of division training re- 
cords. 

11. Performance of the duties of the repair 
officer during his absence. 

SPIIP SUPERINTENDENTS 

The repair officer must assign a ship su- 
perintendent to a group of ships tended along- 
side, and also to ships of which your repair 
ship is MOTHER TENDER. This superintendent 
is a liaison officer between youi^ ship and tended 
ships, and he assists the repair officer in 
maintaining daily progress of work in shops. 
All ship superintendents are assigned to the 
R-A division. 

A ship superintendent is also responsible 
to the repair officer for the following: 

1. Assigning shop responsibility and job order 
numbers to work requests. 

2. Preparing progress sheets for job orders 
and maintaining files of all work requests re- 
ceived. 

3. Routing of work requests to division of- 
ficers 10 to Ik. days prior to the commence- 
ment of an availability, when possible. 

4. Collecting for review uy the repair of- 
ficer prior to the arrival conference ALL work 
requests on which division officers have made 
comments. 

5. Noting changes in work requests 'agreed 
on at the arrival conference and correcting re- 
pair division officers' copies, 

6. Visiting each repair shop daily and con- 
sulting with shop supervisors and division of- 
ficers about their work, and recording on the 
progress sheet for each job order the per- 
centage of completion. 

7. Visiting each tended ship daily and ad- 
vising the ship's liaison officer (normally the 
engineer officer) about the progress being made 
on each job and notifying him when to pick up 
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the completed work. (He must also check work 
requests of ships NOT alongside and notify them 
when to pick up completed work.) 

8, Advising: the repair officer immediately 
when a tended ship has a complaint of un- 
satisfactory or incomplete work, and informing 
him when a tended ship's personnel fail to co- 
operate with the repair ship's personnel. 

9. Advising the repair officer immediately 
when urgont jobs are not progressing satis- 
factorily in shops, or when jobs are delayed 
lX)cause of lack of material. 

10, Finding out when ships are scheduled 
for assignment to his repair ship, and advising 
his repair officer two weeks prior to the a- 
vailability date. 

11, Keeping work requests complete — manhour 
data, name and rate of shop supervisor, person 
who performed the work, name and rank/rate 
of tended ship's inspector who inspected and 
accepted the work, and the date. NOTE: Initials 
in lieu of a name are unacceptable. 

12, Discussing with the repair officer all 
problems connected with the repair work, and 
doing such other work as requested. 

DUTY REPAIR OFFICER 

A duty repair officer is a repair depart- 
ment officer assigned to serve in this capacity 
from 0800 to 0800 the following day. His re- 
sponsibilities include the following: 

1. Assuming the duties of the repair officer 
and assistant repair officer in their absence. 

2. Inspecting frequently^ after normal work- 
ing hours, repair department working and living 
spaces. 

3. In port, making 2000 reports to the com- 
mand duty officer relative to the security of the 
department, the men and boats away from the 
ship on repair work, and the approximate time 
the shops will secure. 

4. Reporting to the repair officer, or the 
assistant repair officer, prior to 1600 on work 
days for briefing of repairs to be accomplished 
after normal working hours. 

5. Approving, expediting, and superv.'.siag e- 
mergency repair work after normal working 
hours. 

6. Calling the repair officer when necessary, 
and performing all assigned duties. 

DUTY REPAIR CHIEF PETTY OFFICER 

Each day one chief petty officer from the 
repair department is assigned the duties of 



duty repair chief. His tour of duty commences 
at 0800 and ends at 0800 the following day. He 
must: 

1. Assist the duty repair officer in the per- 
formance of his duties. 

2. Muster the watch section immediately after 
quarters, and determine at this time whether 
men appointed to watches were instructed con- 
cerning their duties. NOTE: Watches and duties 
involved are listed in the Repair Department 
Organization and Regulations Manual. He must 
then have the men initial alongside their names 
on the watch sheet to indicate that they under- 
stand their duties and know the time and place 
of their watch assignments. 

3. Inspect berthing spaces and repair de- 
partment shop spaces on an AS NECESSARY 
basis (and after normal working hours) for 
cleanliness, safety and fire hazards, locked tool 
cabinets and storerooms; and he must take 
prompt action whenever necessary by calling 
the division duty petty officers to have defi- 
ciencies corrected. 

4. Make inspections of repair department 
living quarters at reveille and see that duty 
division petty officers hold reveille promptly. 

5. Report to the duty repair officer prior 
to taps and accompany him in making his in- 
spection of repair department spaces. Deficien- 
cies must be corrected on the spot. Unsatis- 
factory' conditions must be reported by 
memorandum to the repair officer, 

DUTY DIVISION PETTY OFFICER 

Each day one LEADING petty officer from 
each division's duty section is assigned as duty 
divir.ion petty officer. On normal work days, 
his tour lasts from the end of the normal work 
day until 0800 the following day. On Saturdays, 
Sundays, and holidays, his tour of duty lasts 
from 0800 to 0800. His duties include: 

1. Inspecting division shop spaces at the 
end of working hours for security, and making 
a report to the duty repair officer at 1600 and 
1900. 

2. Informing the duty repair officer con- 
cerning the progress of urgent repair work. 

3. Seeing that only authorized personnel use 
machinery, and that workers are complying with 
existing orders, instructions, and safety pre- 
cautions. 

4. Making certain that no fire hazard or 
accident hazards exist in berthing and shop 
spaces. 
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5. Ensuring that tools found adrift are re- 
turned to toolrooms and that the toolrooms are 
locked. 

6. In the absence of the shop supervisor, 
taking charge of the repair work of his division 
after normal working hours. 

DUTY POLICE PETTY OFFICER 

In compliance with ship's instructions, gen- 
erally, each division officer designates a senior 
petty officer (normally a POl) as division police 
petty officer and others as duty section division 
police petty officers. When underway, the duties 
of the senior division police petty officer ai^e 
continuous; when in port, his duties are from 
0800 to 0800. On week days, the duties of the 
duty section division police petty officer com- 
mence at the end of working hours and end at 
0800 the following morning. On Saturdays, Sun- 
days, and holidays, his duties commence at 
0800 and end at 0800 the following day. 

The division police petty officer acts as 
Master-at-Arms for the division, and reports 
directly to the CMAA. The duty section di- 
vision police petty officer acts as Master-at- 
Arms for the division during hours of liberty, 
and reports directly to the Duty Mast^r-at- 
Arms. The Chief Master-at-Arms issues badges 
to the division police petty officers, who must 
wear them when on duty. The division police 
petty officer must enforce the ship's orders, 
instructions. Navy Regulations, and effective 
orders within his own division. The division 
police petty officers must see that men of their 
division turn into their bunks at taps and turn 
out at reveille. Each division police petty officer 
must inspect his berthing spaces, heads, and 
washrooms for compliance with cleanliness reg- 
ulations. 

REPAIR DIVISION SHOP SUPERVISOR 

The leading petty officer in each shop is 
generally the shop supervisor and shop safety 
engineer. His duties are what yours will be when 
you are the leading petty officer in an instrument 
shop, and they include: 

1. Planning, scheduling, and maintaining 
(under the division officer) a progress chart of 
the shop work load. 

2. Expediting the completion of work re- 
quested, and ensuring by frequent inspections 
that repairs are accomplished in a satisfactory 
manner. 



3. Advising yoiu: division officer relative to 
production lags. 

4. Maintaining order and discipline in the 
shop. 

5. Keeping shop equipment clean and in ex- 
cellent condition, and shop spaces free from fire 
and accident hazards. 

6. Posting operating and safety instructions 
on all portable and stationary shop machinery 
and tools. 

7. Ensiuring that shop personnel are pro- 
ficient in the operation of shop equipment and 
tools before they, are assigned (authorized) to 
use them. 

8. Enforcing safe work habits, taking every 
precaution to prevent injury to personnel and 
damage to shop equipment because of careless- 
ness and/or improper operation; and if neces- 
sary, removing a machine operator iVom a job. 

9. Ensvu:ing that each machine operator takes 
proper care of his machine and keeps it clean. 

10. Signing custody receipts fo;' tools and 
equipment issued to your shop, i.s required; 
and keeping records of tools issuec. from your 
toolroom and taking inventories as directed, 

11. Making certain that tool room custodians 
keep tools in good condition and that they re- 
quisition replacements for worn or broken tools. 
NOTE: In order to maintain proper account- 
ability for tools, keep a check-out and a check- 
in sheet on tool issues and receipts. 

12. Making recommendations on special re- 
quests submitted by subordinates in the shop. 
(Explain reasons for disapproval to the division 
officer.) 

13. Having the person in charge of a job sign 
his name in the block provided on the work 
request (when he completes the job). NOTE: 
Sign your own name also to indicate that you 
inspficted the work and found it satisfactory. 

1^. Informing the division duty repair petty 
officer at the end of the working day of urgent 
work which must be completed during the night. 

15. Inspecting shop spaces and making 1600 
and 1900 securing reports to the division officer 
underway. (This report must contain the follow- 
ing: security of shop spaces, men working on 
special jobs, and the time when the men are 
expected to secure from work.) 



GROUP SUPERVISOR 

As an Instrumentman 1 or Chief Instrument- 
man, you will have many responsibilities added 
to those which you had it the next lower level. 
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The higher your pay grade, the more likely it 
will be that your main duties will consist of 
supervising rather than doing. 

In earlier paragraphs you learned the de- 
partment and division organization and the part 
you will play in interpreting and executing the 
established policies and procedures. How will 
you actually accomplish the apparently formidable 
task of supervising your personnel to accomplish 
the mission of your instrument shop? The follow- 
ing paragraphs will discuss fundamentals of job 
supervision whose application will enable you to 
plan, control, delegate work, and generally te- 
come a more effective supervisor. 

SUPERVISION 

The term supervision may be defined in a 
numlDer of ways. As used in this chapter, it 
means overseeing, directing, and inspecting the 
work of others. 

Supervision, then, means working with people. 
A good supervisor knows how to get a better job 
done, safely, accurately, and swiftly by gettinPT 
the best out of his men. This is the basic dil- 
^erence between a supervisor who is merely 
LJchnically competent and one who knows how to 
get meiximum production safely. It is extremely 
important, of course, for a supervisor to be 
technically competent in his specialty. Com- 
petence alone, however, will rarely get the job 
done when a person has to direct the work of 
others. As well as knowing and understanding 
the job to be done, a good supervisor must 
understand the capabilities of his men and must 
know the techniques of good supervision. 

Know Your Job 

You may be in charge of a crew assigned 
to carry out any one of a number of jobs. To 
carry out the job properly, you must know ex- 
actly what is to be accomplished, deadlines for 
the job or portions of it, and the relationship of 
this job with other projects. You will need to 
plan your part of the jobwith respect to materials 
and scheduling. Unless you understand lines of 
authority, materials and equipment required, 
limitations of the equipment, and the capabilities 
of your crew, you are likely to have trouble in 
meeting your responsibilities. 

Know Your Crew 

It is not likely that you can do a good job 
unless you thoroughly understand the job to be 



done. Knowing your crew may be as important 
as knowing the job. If a tsvv IM2 is assigned 
(o yoar crew, you can he certain tha'- he has 
been checked out ii the praotjoa' factors Xor 
his rate and that fie« has passed the service- 
wl.lw' exam. Withoui. investigation, however, yon 
could not tell whether he is an expert in the use 
of test equipment or whether this is one of his 
we.^k points. Similarly, you could not tell whether 
he 1.5 almost ready for promotion to IMl or 
whether he has just made his rate. His ex- 
perience and capabilities will have a very im- 
portant effect upon the type of assignment that 
he can handle best. Without checking, you can- 
not tell whether a new man is one to whom 
you can give very brief instructions and expect 
to find the job done, or whether you must keep 
a constant check on him. His traits may mean 
that you can assign him to a project where 
he can work under minimum supervision; or 
they may indicate that you should put him in 
a job where you can keep an eye on him and 
place a man who can work under less super- 
vision on the project. 

From the foregoing, it is obvious that a 
good supervisor needs to know the strong points 
and weak points of each crew member. You need 
to know your crew in order to make intelligent 
decisions about assignments, needed training, 
and recommendations for advancement in rating, 
among other things. 

When you learn that a new man is being 
assigned to yo^ar crew, learn what you can about 
him; ask to see his record. Talk to him when he 
repoi^ts; find out what he has done and likes to 
do. 

Show your interest in him; and ?.et him know 
how important he is as a meml^er of your team. 
If you use this approach, training will be much 
easier; and the work from your shop v/ill be 
better and more productive. Best results in 
handling personnel can usually be accomplished 
through calmness and mutual understand: ng. Al- 
ways be fair and honest with each ] 3rson, 

Finally, observe him closely in vario is work 
situations; you will soon learn what type oi person 
he is and his capabilities. 

Delegating 

Delegation means giving one person the au- 
thority to act for another. It means ihat we give 
another man the right to make certain decisions 
for as. This is exactly why many of us have 
difficulty when we delegate. We are afraid of 
the risks involved. Some of these include the 



12 



Chapter 2— ADMINISTRATION 



possibilities of costly mistakes, loss of control 
of an activity, and the all-inclusive excuse that 
we have no one to whom we can delegate the 
authority. 

One of the most common failings of a new 
supervisor is failure to delegate. It is natural 
to want to carry out the details of a job youi^- 
self, parti cuhirly when you know that you can 
do the jol; better than any of your men. Trying 
to do too much, however, is one of the quickest 
ways to get bogged down in details and to slow 
down a large operation. You will often }je re- 
sponsible for several jobs or several parts of 
a job some distance apart. Obviously, you cannot 
be in two places at the same time. If someone 
may l^e needed to make quick decisions during 
your absence, designate a man who is capable 
of malsing these decisions. This man should be 
capable of supervising the work in your absence, 
seeing that needed materials and supplies are 
on hand, and, in general, making the work go 
forward. Naturally, you should select a man for 
this job who can work without close supervision. 
Make hin) understand what you expect of him, 
and be specific concerning the limits of his 
authority. For example, you should make clear 
to him that the specifications for the job must 
be followed unless they are changed by higher 
authority. 

Delegation difficulties may be minimized by 
using some time-tested techniques. 

•Assign as mau}^ of those tasks as you safely 
can. 

•Expect mistakes on the part of yoiu^ sub- 
ordinates. 

•Make sure that adequate authority goes with 
the responsilnlity given » 

•Let others know the person who is in charge 
and to whom they will \ye responsible. 

•Control the delegation — require the men to 
report their progress and any troubles or 
abnormal conditions. 

Remember, no one man can do everything 
and the faster you learn that you as a supervisor 
are required to organize, direct, plan, and per- 
form many other managerial functions, the sooner 
you will appreciate how the potent technique of 
delegation will enable you to perform these other 
functions more effectivoiv. 



Job Inspections 

Periodic inspections are one important method 
of ensi.uMng proper quality oi work done under 
your supervision. Let your - men know that their 
work is likely to be inspected. When you make 
an inspection let the men concerned know how 
well or how poorly they did Ihc job. A man^s 
work is not likely to improve if he is not told 
specifically wherein his work needs im])rove- 
ment; and a man who has done an excellent 
job will l^e motivated to continue this level of 
work if you let him know that good work is 
noted and appreciated. 

Communication 

Passing the word is an important part of 
supervision. The commanding officer, executive 
officer, department head, division officer, and 
other higher authorities frequently issue orders 
or directives which you should pass on to your 
men. You should be familiar with all instructions 
and notices that affect your work and the work 
of your men and make certain that they have this 
information. 

Orders and directives frcrr higher authority 
may pertain to a particular job, recreation, 
liberty, military requirements, oi safety. If the 
information is the type that you ca . pass orally, 
you should consider the best timt? to pass the. 
word on. Morning quarters and special musters 
are often suitable times. 

You will need to put certain types of iniormation 
into writing in the form of a written directive. 
Considerable personnel turnover exists in most 
units, and it takes a new man several wepks 
or months to learn about all policies. His task 
is even harder if there are no written directives 
to which he can refer. Safety requirements, 
local policies with respect to the use of Govern- 
ment material, tools, and equipment, and local 
shop rules are examples of information which 
should normally be in written form. 

A simple drawing is another form of communi- 
cation {fig. 2-2). When appropriate symbols, di- 
mensions and materials are maiM<ed clearly on the 
sketch, its easy to follow. For further information 
regarding the reading of drawings and technical 
sketchs, see Blueprint Reading and Sketching, 
NavPers 10077. 

Remember — communication is the process of 
conveying information and understanding to 
others. Never minimize the importance of good 
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communication. It leads to better human rela- 
tions and higher morale. Money, time, and lives 
can be saved if communications are accurate 
and fast. Obviously, no military organization can 
be truly effectively without good communication. 

Bulletin boards are a convenient method for 
passing along information the men need. Keep 
the boards clear of extraneous information. 
One Chief was very successful in assuring that 
the men would read the bulletin board. He put 
little cartoons on it. 

One obvious method of attracting attPintion 
toward the bulletin boards is to place the duty 
section lists there. Preparing the duty section 
lisVs and posting them on the bulletin board as 
far in advance as possible is a wonderful morale 
booster. It enables the men to make their plans 
^ 111 In advance and at the same time helps you 
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since you know the n^vmes of the men in the 
duty sections, and can help anticipate your own 
manpower requirements more readily. 

Keep bulletin boards CURRENT — not cluttered 
up. It is a good idea to make up a list ^>howing 
the duties of each man assigned to the instru- 
ment shop. Such a list would show specifically 
the duties and responsibilities of each man and 
his assigned hours of work. Sometimes it will 
be necessary to work in shifts; advance notice 
to your men will enable them to plan their 
free time. 

Communications can flow downward — to in- 
form, instruct, direct, etc. Good communication 
will provide for an upward flow of information 
as well, in reports, recommendations, sug- 
gestions, and a permissive outloolc on questions. 
Finally, a horizontal flow of information useful 
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in coordination, maintaining good relations with 
other rates, etc., will be useful. Use all three 
flows. Your major responsibility with respect 
to comn jnic^tion is to ensure that everyone 
for whom and to whom you are responsible gets 
•'the word'' completely and accurately. 

MORALE 

Morale in the military may be defined as 
the mental state of attitude, confidence, or 
spirit which envelops men as they perform 
their duties. Good morale works wonders. One 
World War II veteran said, ''Morale is when 
your hands and feet keep working when your 
head says it can't be done.'* 

The new man coming into the Navy acquires 
and recognizes the necessity for discipline even 
though it Gometimes causes him personal in- 
convenience. He also recognizes the need for 
fair play and reasonable requirements in the 
performance of duty. You will be' better able to 
achieve a high standard of morale if you (1) 
develop satisfaction in a work program, (2) 
establish mutual confidence between yourself 
and your men, and (3) exjjress and explain the 
conviction that by pullin^^^ together, you are 
striving for something more than yourselves. 
Remember, 

HOWEVER ADVERSE THE GENERAL SIT- 
UATION, MEN WILL STICK TO THE ONE MAN 
WHO KNOWS WHAT HE WANTS THEM TO DO 
AND WELCOMES THEM TO A FULL SHARE 
IN THE ENTERPRISE. 

Your diligence, in the care of the men, im- 
partial administration of all organizational af- 
fairs, military bearing in oneself, and ability 
to transfer all military information to your 
men, will build up and keep high the morale 
of your men. 



RECORDS AND REPORTS 

As you advance in rating to IMl or IMC 
you will be required to assume more responsi- 
bility for the paperwork which is so necessary 
in a well organized work center. In fact, to 
avoid bogging down completely in the mass of 
details, you will probably delegate some of these 
duties to an assistant in the work center. Keep- 
ing all your records up to date will enable you 
to keep a close check on each job, each work- 
man, and each piece of equipment under yoiir 
supervision. 



Introduction of the 3-M system aboard all 
tenders has eliminated the requiiement for many 
of the records and reports used in the past. 
Feedback information is supplied to each division 
officer and work center supervisor on work 
request progress by the various reports gene- 
rated by the 3-M system. For example, the work 
center supervisor's report includes, for each 
work request/ such in. rmation as the completion 
status, man-hours expended and remaining, re - 
quired completion date, and priority. The key 
to using the 3-M system to your benefit is to 
avoid duplication. Do not maintain records wJien 
the information is readily available elsewhere. 
At the same time, you will need to maintain 
records of information not readily available 
elsewhere, such as a shop equipment log, re- 
cord of commonly used Federal Stock Numbers 
(FSN), and any other record you feel is required, 
A casualty inspection form is nonstandardized 
form for which you are also responsible. An 
example is shown in figiu:v'=^ 2-3. Proper use of 
these forms will ensure that important steps 
are not overlooked. For example, suppose a 
man is called away from his job and returns 
to complete it, the form should remind him 
of tasks he has yet to do. 

Standard forms are available for records 
and reports. Further information on records 
and reports may be found in NavShips Technical 
Manual, chapter 9004(6), 



3-M UTILIZATION AND DOCUMENTATION 

The Navy, as well as the other armed ser- 
vices, is r<^quired to maintain all weapons sys- 
tems in the maximum possible degree of combat 
readiness. Previous systems for controlling and 
accomplishing required maintenance could not 
keep pace with the growing complexity of ship- 
board maintenance, increased tempo of fleet 
operations and constant decline in available 
resources. The Maintenance and Material Man- 
agement (3-M) System was implemented in 1964 
in an attempt to solve these problems. The 3-M 
system was designed to function as an integrated 
system which would improve the management of 
maintenance, and provide for the collection and 
dissemination of maintenance related! information. 

The 3-M system is not envisioned as a cure 
for all equipment problems and attendant main- 
tenance resource demands, nor does it eliminate 
the urgent need for good leadership and super- 
vision based on experience and reasoned judge- 
ment. The system will, however, produce a 
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1, Punotion of winding 



2. Clearance and fit of hands 



3, Cleanliness, rust, fingerprints, etc, 

4, Motion dial up 



5. Motion dial down 

6. Motion 12 up 



7. Freedom of train 



8, Condition of mainspring 



9. Condition of balance assemblj;^ 
10. Condition of Lock 



11, Condition of Draw 

12, Condition Of Drop_ 

13, Jewel pin shake 



14, Guard pin shake 



15, Jewels and holes 



16. Side shakes and end shal^es 

17. Truth and poise, Bal. whl. 

18. Condition of hairspring 

19. Condition of all pivots 



20, Condition of regulator pins 

21. Review, general condition 



Instrumentman_ Date received 

Movement name and no, Date completed 



Figure 2-3. -Inspection sheet. 91,419 

logical and efficient approach to the solution of. rex)orting and disseminating significant main- 
maintenance problems, and a large reservoir tenance related information. It is composed of 
of knowledge about maintenance. the Planned Maintenance Subsystem, Maintenance 
The 3-M system is an integrated manage- Data Collection Subsystem, Workload Planning 
ment system which, when fully implemented and and Control Subsystem, and Man-hour Account- 
properly used, provides for orderly schedulir^ ing Subsystem; it forms the nucleus of a ship- 
Q 1 accomplishment of maintenance and for board maintenance program which can contribute 



Chapter 2- ADMIMSTHATiON 



significantly toward achieving improved fleet 
readiness with reduced ex; enditure of resources. 

PLANNED MAINTElNANCK SUBSVSTI- M 

The Planned Maintenance Subsystem (PMS) 
pertains to the planning, scheduling n.^O nmn^igc- 
ment of resources (men, material and time) 
to perform those- actions which contriljute to 
the uninterrupted functioning of equi])mv-.'nt within 
its desigri characteristics. It defines uniform 
maintenance standards, and prescriljes simpli- 
fied procedures and management techniques for 
the accomplishment of maintenance. 

The PMS has Ix^en developed to provide each 
ship, each department and each supervisor, with 
the tools to plan, schedule and control ship- 
Jxjard planned maintenance effectively. 

MAINTENANCE DATA COLLECTION 
SUBSYSTEM 

The Maintenance Data Collection Subsystem 
1 provides a moans for maintenance j^ersonnel 
to record information pertaining to preventive 
or corrective maintenance actions. The system 
uses coded data elements for recording, much 
of this information in order to standardize the 
deta collected and to facilitate its processing 
ani use. The failui^e and corrective action in- 
foriT^ation recorded on the maintenance Hctidn 
documents, and the material usage information 
recorded on as£:ociated supply documents, is 
retrievable through this system for engineering 
analysis and maintenance history. 

Routine maintenance action reporting is 
actually accomplished on a multipurpose main- 
tenance data collection form which, occasionally, 
is augmented by additional information reported 
on a related supplemental data reporting form. 
This maintenance data collection form (fig. 2-4) 
is used in reporting the completion or deferral 
of a maintenance ac*^^ion, or to request needed 
assistance. The data elements which must be 
completed to report any one of these'categories 
of maintenance information have Ix^en grouped 
together in separate, clearly labeled sections 
of the form, to simplify data recording and to 
facilitate automatic data processing. 

A complete discussion of the PMS and MDCS 
may be found in the military requirements rate 
training manuals for PC 3 & 2 and PO 1 & C 
or in the 3-M manual. 

MDCS success is dependent upon the ac- 
curacy, adequacy and timeliness of the infor- 
^^ation reported into the system. This, in turn, 
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means that responsii)le activities can not ef- ^ 
fectively analyze fleet maititenance problems^ 
develop improvements to fleet equipment, or 
'produce usal;le fleet maintenance managem.ent 
products unless n^aintenance and repair per- 
sonnel actively supjjort and use the MDCS. U 
is a system in which potential l>enefits are 
directly related to the efforts applied. Present 
programs for improving maintainability and re- 
liability of fleet equipment are dependent upon 
co:iscientious adherence to required reporting 
procedures. The following general guidelines 
will aid in ensuiMng complete, accurate and 
prompt M 3CS document submission. 

Work center supervisors will submit com- 
pleted documents daily. *To prcvide the infor- 
mation required by the MDCS, tne OpNav 4790 
series documents and the DD Form 1348 must 
l)e completed, as appropriate, for each x^eport- 
able maintenance action* It is mandatox^y that 
all. applicable blocks on the forms be filled in 
correctly, to avoid rejection during data pro- 
cessing and to ensure accurate information for 
maintenance history. 

Past experience indicates that the guidelines 
■])resented in this chapter will Ixj directly ap- 
plicable and adequate, in most cases, but com- 
mon sense and good judgement must Idc exercised 
in reporting any maintenance action, particularly 
those not specifically covered by these instruc- 
tions and examples. The senior maintenance man 
actively engaged in the maintenance action is 
responiSible for completing the required entries 
on the maintenance action form and submitting 
it to his supervisor for review, approval and 
forwarding. 

THE WORKLOAD PLANNING 
AN.O CONTROL SUBSYSTEM 

The Workload Planning and Control Subsystem 
(WLP&C) is a management system used in the 
repair and weapons repair departments of a 
tender/repair ship. The system provides for 
a systematic approach to the planning, schedul- 
ing, monitoring and reporting of all work ac- 
complished. 

The objective of the WLP&C subsystem is 
to give managers of intermediate level main- 
tenance activities a method to effectively plan 
and control work accomplished. The system is 
divided into two phases. One is the planning and 
estimating of work to be accomplished, and the 
other is the reporting of work as it is being 
accomplished. 
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Figure 2-4. — Maintenance Data Form. 
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During the planning phase, work requests 
(OpNav Form 4790/2K) are received by the 
maintenance activity. These are screened and 
used to assign work centers to each work re- 
quest and estimate the amount of work required. 
Initial planning action may be significantly changed 
by arrival conference trade-offs or priority 
designations. 

The WLP&C subsystem is designed to operate 
within the department framework of the basic 
shipboard organization, and specifically the re- 
pair organization of a intermediate level main- 
tenance activity. 

The repair officer has primary responsi- 
bility for the effectiveness of the WLP&C sub- 
system within the repair departmeht. The func- 
tions assigned to the repair officer of an 
intermediate maintenance activity are considered 
to be those functions now being performed by 
them or their representatives. 

The 3-M coordinator serves as the liaison 
between the work centers, data services and 
other personnel within the repair department. 
The coordinator is responsible for: 

Distribution of all workload planning and 
control products generated by data services, 
screening and controlling 3-M related docu- 
ments prior to submission to data services, 
returning all erroneous documents toworkcenters 
or ships concerned, analyzing collected data, 
and devising reports for the presentation of 
3-M information when required. 

Upon receipt of all work request documents 
from the coordinator, data services keypunches 
the appropriate card type for each document. 
Sheets 1 and 2 of the work request, work sup- 
plement cards, failed parts /components cards 
and reports generated by the computer are 
returned to the coordinator for distribution and/ 
or filing. 

An original and two copies of a work request 
will be received by the Repair department for 
each maintenance action desired. These will 
normally be delivered as a work package with 
appropriate screening approval for a scheduled 
availability period. It is extremely important 
that the work assigned to the work center, the 
start and completion date, and the estimate of 
man-hours be made as realistically as possible. 
Careful consideration should be given to the 
length of the availability, manpower available 
during the period, other work load commitments, 
and the availability of necessary tools, manuals, 
O ther materials. The planning information 
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entered on the work requests will be the basis 
of work center work load figures on various 
reports. 

Repair Office Action 

The initial action on a work request is per- 
formed by the coordinator and it is his re- 
sponsibility to screen the work request for 
completeness, legibility, and validity of all 
entries. In addition, the coordinator will make 
the following entries, and forward all copies 
to the repair officer. 

Block 39: Availability. Enter the code for 
the actual tjq^e availability under which the job 
will ]oe accomplished. 

Block 42: Repair Activity UIC. Enter the 
unit identification code of the repair activity. 

Repair Officer 

It is the responsibility of the repair officer 
to screen the work request and determine if 
there are problem areas and/or scheduling dif- 
ficulties. After the initial review by the repair 
officer, the work request is returned to the 
coordinator. The coordinator removes sheet 3 
and retains it as a record, forwardiiJg sheets 
1 and 2 to the appropriate division officer for 
job planning. The coordinator niust provide each 
division officer with the expected date and duration 
of each scheduled availability. 

Division Officer/Lead Work 
Center Actions 

Upon receipt of sheets 1 and 2 of the work 
request the division officer, in conjunction with 
the lead work center (LWC) supervisor, assist 
work center (AWC) supervisors, and other in- 
volved personnel will plan the job for completion. 
To expedite processing, the LWC will obtain 
and document the planning information for the 
AWCs. The lead .work center supervisor is 
responsible for documenting the following plan- 
ning information. . Enter the information on sheets 
1 and 2 of the work request as follows. 

Block 34: Initial Action Taken. Enter Ac- 
ceptance Code Wl. 

Block 35: Repair Work Center. Enter the 
code Which identifies the work center with pri- 
mary responsibility for completion of the job. 
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Figure 2-5.~-OpNav Form 4790/2F Work Supplement Card (Front). 



When the work center code has only three sym- 
bols such as 35A, 35B, etc, enter from left 
to right in block 35, leaving the fourth fipace 
blank. 

Block 36: Estimated Man-hours . Enter the esti- 
mated man-hours (whole hours) required to 
complete the lead work center's portion of the 
job. 

Block 37: Repair Assist Work Center. If re- 
quired, enter the code of the work center or 
outside repair activity that will assist the LWC. 
During initial planning if more than one AWC 
is involved, enter each additional AWC code and 
the estimated man-hours for each in the blocks 
labelled "SHOP'' and EST. M/H" provided at 
the bottom of the form. 

Block 38: Assist Estimated Man-hours. Ob- 
tain and enter the estimated man-hours (whole 
hours) for the AWC reflected in block 37. 

Block 40: Scheduled Start Date. Enter the 
Julian date the job is actually planned to be 
started. 

Block 41: Scheduled Completion Date. Enter 
the Julian date the job is actually planned to be 
completed. Sheet 2 will be forwarded to data 
services via the coordinator. Sheet 1 will re- 
main on file in the LWC. 
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Procedm^es for Documenting Repair 
Activity Maintenance Action 

The work center supervisor is responsible 
for the correct documentation of all maintenance 
actio^is accomplished within his work center. 
Preprinted/prepunched work supplement cards 
will be provided by data services. The Work 
Supplement Card (OpNav Form 4790/2 F) will be 
used primarily to report daily job progress 
by repair work centers » The DOD Single Line 
Item Requisition Document (DD Form 1348) is 
the source document used to record material 
usage and cost information. Sheet 1 of the work 
request will be used by the LWC to close out 
the work request. 

WORK SUPPLEMENT CARD OPNAV FORM 
4790/2Fo — Prepunched/Preprinted cards (fig. 
2-5) will be supplied to the LWC and each AWC 
included in the initial planning phase of the work 
request. The cards will be used primarily by 
repair work centers to report daily progress 
(action taken, man-hours, date) on a work re- 
quest. It may also be used to record remain- 
ing hours, report work delay/status and re- 
quest additional prepunched/preprinted work 
supplement cards. 

The LWC may use a 4v9u/2F card to request 
assistance. The AWC will use the same card to 
estimate their portion of the jib and request 
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CODI- VORK K'OT STARTED 

11. Not Delivered to Work Center *'NOT DELIVERED" 

12. Insufficient Information *MNSUFF INFO*' 

13. Awaiting Parts/Material ^*WAITG PARTS/MATL" 

14. Lack of Manpower '*LACK MANPOWER" 

15. Work Center Equipment Unavailable *'WC EQUIP UNAVAIL" 

WORK STARTED BUT STOPPED 

21. Priorty Changed "STP-PRIORITY CHANGE'^ 

22. Insufficient Information *'STP-INSUFF INFO" 

23. Awaiting Parts/Material **STP-V//JTG PARTS/MATL" 

24. Awaiting Assist Work Center **STf-WAlTG ASSIST WC" 

25. Work Center Equipment Unavailable '*STP-WC EQUIP UNAVAIL" 

STATUS CODES 

30. Completed -Not Signed Off "COMPL-NOT SIGNED OFF" 

40. Re-Work Required "RE-WORK REQUIRED" 

50-59. Special Purpose ■ SPECIAL STATUS" 




17.81F 

Figure 2-6. — OpNav Form 4790/2F Work Supplement Card (Reverse) Work Delay and Status Codes. 



prepunched/preprinted cards. Information from 
these cards is used for the wwkload planning 
and control reports, Handscril^ed (Blank) 4790/2F 
cards may be submitted whenever the preprinted/ 
prepunched cards are not available by transcrib- 
ing the appropriate information from the 4790/2K 
onto the blank \card. Blocks 1, 2, 3, 4, and 35, 
must be transcribed, Blocks A through H of 
the card will be filled in as appropriate. 

A 4790/2 F card will iDe used to document 
all man-hours expanded on each job in progress 
within the work center. The senior man actively 
engaged in the maintenance action is responsible 
for documenting daily progress. 

Whenever the remaining hourS as listed on 
WLP&C reports do not accurately reflect the 
scope of the job for this work center, this 
figure can be revised, either up or down, by 
simply entering the hours remaining on the job 
in block D. This can l)e done by submitting a 
4790/2F, or may be included with daily progress 
information, 

A 47i>j/2F card can be used to report work 
delays or work stoppage affecting satisfactory 
progress of a job. The lead work center and 
each assist work center may use the work 
delay/stoppages codes (block G) to reflect prob- 
lems associated with the job in that work center. 



Work delay/stoppage codes are found on the re- 
verse of the 4790/2F (fig. 2-6). Tiiere can lye 
only one work delay/stoppage code effective at 
any one time for any specific work center, The 
latest delay code that is submitted will be reflected 
on WLP&C reports. The delay code 00 will te 
used to remove the delay status from that work 
center's WLP&C reports . 

Replenishment of the prepunched/preprinted 
4790-2F cards can be accomplished by submitting 
a card for that specific purpose or in conjunction 
with daily progress documentation by entering 
the number of cards desired (1-9) in block H, 

When additional repair work centers are 
required to complete the requested work, the 
lead work center will provide the assist work 
center with two or more prepunched/preprinted 
work supplement cards. One is to establish the 
AWC job planning record, and the other is for 
reporting progress prior to data services provid- 
ing the assist work center with prepunched/ 
preprinted work supplement cards. 

Completion of a work request can be re- 
ported using a 4790/2F and entering the code 
30 in block G. Assist work centers may also 
report completion of their portion of a job by 
usmg code 30 (block G) on the 4790/2F.. Sheet 
1 of the 4790/2K must be completed (section 
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II) and submitted following the code 30 sub- 
mission by a lead work center for the job to 
be closed ct. 

Occasionally jobs must be reopened after 
the lead work center or assist work center 
has reported completion (code 30 on 4790/2F). 
This can be accomplished by submitting another 
4790/2F wi^h the code 40 entered in block G. 
(Submission of a code 40 4790/rF card will 
remove the last action taken code from the 
data processing file. The job may be reestimated 
at this time by including an entry in the remaining 
hours block (D). If sheet 1 of the 4790/2K has 
I)een processed through data services, the entire 
job must be resubmitted (new 4790/2K). 

Multiple unit work requests on items such 
as binoculars, printing, photographing, plaques, 
sound-powered phones, clocks, etc are permitted 
by using the words ^ Various'^ or mi see 11** 
in block 9 of the work reques*^. Block 9 of the 
prepunched ^-r90/2F card will always be blank 
when associated with this type work request. 
These multiple items will always be documented 
as a single maintenance action unless rejection 
of individually serialized items is involved. 
When individually serialized items are rejected, 
the rejection action taken code must loe on a 
onenfor-one basis for each item. For nonserial- 
ized items or whenever rejection is not involved, 
the action t::cken code that best describes the 
overall effort will be recorded. 

Procedures for Us^ of the Work 
Suppl'^^ment Card by Lead Work Center 

Block A: IDENTIFICATION NO. Enter only 
when a serialized item is REJECTED and block 
9 is blank. 

Block B: ACTION TAKEN, Enter the code 
which loest describes the action taken when the 
requested work is completed. 

Enter 00 if the job is in progress. 

Enter the appropriate REJECTION code when 
block A contains an entry. 

Block C: MAN-HOURS. Enter the direct labor 
man-hours (to the nearest tenth) expended against 
the reported action or 0000 may be entered. 

Block D: REMAINING MAN-HOURS. May be 
blank or whole hours may be entered when the 
current WLP&C reports inaccurately reflect 
the man-hours required to complete the requested 
work. 



Block E: ASSIST WORK CENTER. May be 
blank or the lead work center will enter the 
assist work center code when requesting as- 
sistance. 

Block F: DATE. Enter the Julian date for 
which the card is Joeing submitted. 

Block G: WORK DELAY, (for work center 
supervisor use only) May be blank or if the 
work has loeen stopped, enter the code from 
the back of the card which best describes the 
stoppage. 

If the work is completed, but not signed off, 
enter status code 30. 

After previously submitting status code 30, 
if the job is not accepted by the requesting 
activity and must be progressed further or 
reworked, enter status code 40. 

Code 00 will be entered to remove any pre- 
viously submitted delay/status code. 

Block H: REPLENISH. May be blank or when 
additional prepunched/preprinted work supple- 
ment cai'ds are required enter the desired 
number of cards in this block (9 cards maxi- 
mum). 

A replenishment request and a maintenance 
action may be documented on the same card. 

Assist Work Center (AWC) Procedures 
(Subsequent to Initial Work Request 
Planning) 

When requested for assistance on a work 
supplement card the AWC will receive a mini- 
mum of two prepunched/preprinted work sup- 
plement cards from the lead work center, en- 
suring that block E on all cards contains the 
proper AWC code. One card (planning card) 
will be used to establish a job planning re- 
cord for the AWC and will be used for plan- 
ning information only. The other card(s) will 
be used by the AWC to report job progress 
while awaiting prepunched/preprinted work sup- 
plement cards. The AWC will complete the 
entries on the planning card. 

PROCEDURES FOR USE OF THE WORK 
SUPPLEMENT CARD BY AWC. — The procedures 
for blocks B, C, F, and H are the same for 
the LWC and AWC. 
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Block A: IDENTIFICATION NO. Must be 
l)lank. 

Block D: REMAINING MAN-HOURS. May be 
blank or whole hours may be entered when the 
current WLP&C reports inaccurately reflect 
the man-hours required to complete the re- 
quested work. 

Will be entered as the initial estimate when 
this work center was not included on the initial 
planning of the work request. 

Block E: ASSIST WORK CENTER. May be 
blank or must be jLtnk if the assist work center 
code appears in block 37, 

Must be entered if block 37 is blank. 

Block G: WORK DELAY, (for assist work 
center supervisor use only) May be blank or 
if job or portion of the job has been stopped 
enter the code from the back of the card which 
best describes the stoppage. 

Enter status code 30 when assistance is 
completed. 

Procedures for Closing 
Out a Work Request 

A work request may be signaled (status 
code 30) as completed when a properly coded 
supplement card has been processed. However, 
it will not be closed out until sheet 1 of the 
work request has been documented and pro- 
cessed through data services. 

The lead work center must complete docu- 
mentation on sheet 1 as follows: 

Check the »'COMPL»» block in the upper right 
corner of the form. 

Block 12: ACTION TAKEN. Enter the action 
taken code which best describes the completed 
maintenance action. Enter 00 if an action taken 
code and job status code 30 were previously 
submitted on a 4790/2F card. 

Block 13: MAN-HOURS. Enter the number 
of man-hours (to the nearest tenth) expended 
on the requested maintenance since the last 
progress card was submitted. Enter 0000 in 
block 13 if all man-hours have been submitted 
on 4790/2F cards. 

O 
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Block 1 RATING/RATE. Enter the rating/ 
rate of the senior man actively engaged in the 
maintenance action, 

EXAMPLES FOR BLOCK 14: 



RANK/RATE/GRADE/CODE ENTRY 

ALL OFFICERS/MIDSHIPMEN OFF 

IMl IM 1 

IM2 IM 2 

IMSN I M S N 

SN S N 

GS9 G S 9 

CIVILIAN C I V 
WAGE BOARD EMPLOYEE 

(LEVEL) W B 3 

MARINE (PAYGRADE) M A R 6 



Block 15: COMPLETION DATE. Enter the 
Julian date the maintenance action is completed, 
(acceptance by requesting activity) 

Block 16: STATUS. Enter the status code 
5 in this block. 

Block 17: CAUSE. Enter the appropriate code 
which best describe the cause of the failure. 

Block F: COMPLETED BY, The senior main- 
tenance man actively engaged in the action will 
sign this block indicating the job is complete. 

Block G: ACCEPTED BY, The repair work 
center will have the contact person from the 
requesting ship sign this block to indicate the 
job has been accepted. The completed sheet 1 
of the request will be submitted via normal 
channels for screening and submitting to data 
services. 

The division officer or designated repre- 
sentative reviews the closeout action, removes 
sheet 2 from the active file, and forwards sheet 
1 to data services via the coordinator. Ex- 
peditious submission to data services is im- 
perative in order to produce up-to-date re- 
ports. After processing by data services, the 
repair officer receives sheet 1 of the work 
request and files it as a record of work re- 
quests completed and destroys the previously 
filed sheet 3. 

Error Correction/Deletion Procedures 

Error correction procedures are divided into 
two distinct areas consisting oi corrections to 
planning information and correction to progress 
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information. The critical nature of correction 
procedure and the resulting impact upon docu- 
mentation make it neccscary that only work 
center supervisors be allowed to submit cor- 
rection cards. 

CORRECTION TO PLANNING INFORMATION. 

— Planning information is described as that in- 
formation submitted to data services on sheet 
2 of the work request. Much of this information 
is prepunched into the daily work supplement 
cards (4790/2F) and therefore should be closely 
examined for complete and correct entries. When 
correction to this information is desired, the 
work center supervisor will submit a 4790/2K 
Eorm to data services, via the coordinator, 
*vith the follow^ing information: 

JCN — Record the JCN of the job requiring 
corrections. 

Make correction entries in only those data 
blocks that are required to l^e changed. 

On the top right portion of the 4790/2K 
write the word ^'correction*', 

CORRECTION TO PROGRESS INFORMATION, 

— Progress information is described as that 
information recorded in blocks A-G of the 4790/ 
2F card. Most of the block A-G information is 
of a self-correcting nature based on the next 
card normally submitted. Therefore, the only 
correction permitted on progress information 
is the addition or subtraction of man-^ .rs and 
correction to action take^i codes. If correction 
to progress man-hours or action taken code is 
desired, a prepunched 4790/2F must be sub- 
mitted with the following information: 

Block B: ACTION TAKEN, Enter the cor- 
rection action taken code. 

Block C: MAN-HOUl^S, Enter the hours (to 
the nearest tenth) to be added or subtracted. 

REMARKS. Write the word: '^correction*' and 
for block B, enter the previous incorrect action 
taken code or for block C, indicate either "Add" 
or "Subtract", 

DELETION PROCEDURES, — Deletion pro- 
cedures are to be used to make corrections and/ 
or deletions when errors in the JCN (UTC, W,/C, 
JSN) or LWC are noted. Corrections to the JCN 
or LWC are accomplished by submitting a pre- 
punched 4790/2F with the word "deletion" writ- 
ten in the remarks section. 

O 
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Caution is required in making this type cor- 
rection in that all records (including progress 
cards) will I:h? deleted from the file. Resub- 
mission of all information using a 4790/2F 
Form, with correct JCN and/or LWC, is re- 
quired in order to place the job back in the 
active file, 

MAN-HOUR ACCOUNTING 
SUBSYSTEM 

The Man-hour Accounting Subsystem is de- 
signed to provide local management with es- 
sential man-hoiu^ utilization, distribution and 
assignment information. Effective employment 
of personnel resources is an important function 
of command, and the Man-hour Accounting Sub- 
system provides niunagement with an accurate 
measure of man-hour emplDyment, 

Exception Time Accounting 

The Man-hour Accounting Subsystem Is based 
on the "exception principle" wherein each de- 
viation or exception from the normal working 
day- is accounted for and reported. Exception 
time accounting (ETA) is a term used synony- 
mously for the Man-hour Accounting Subsystem, 
KTA is intended for UoC by repair type activities 
or, more sioecifically, the repair department of 
a ship in which maintenance and repair is the 
primary mission. Basically, ETA will account 
for the normal seven-hour working day, 0800 
to 1600 less one hour for lunch, and for overtime 
teyond normal duty hours, 

ETA complements WLP&C by accounting for 
the man-hours not documented under the WLP&C. 
Good management practices using ETA and 
WLP&C should account for total available man- 
hours. 

When deviations from this ideal situation are 
necessary, a Daily Exception Card, OpNav Form 
4790/2E (fig. 2-7), will be prepared with a 
ballpoint pen or pencil at the time a person 
**excepts" fr^m the normal and will be com- 
pleted at the end of the exception. Only ex- 
ceptions in excess of 20 minutes (0.3 hr) require 
the use of an ETA card. When the exception is 
longer than the scheduled work shift, the card 
will be completed at the end of the shift and 
another card will be prepai^ed for the remainder 
of the exception as an overtime card. The most 
frequent exceptions requiring the submission of 
daily exception cards are: 
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Figure 2-7.— OpNav Form4790/2E Daily Exception Card. 
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Each time a person is assigned to, or trans- 
ferred fronij a work center; each time a per- 
son performs work other than that covered by 
his regularly assigned labor code, each tim? 
a person is absent from \\s work center for 
nonmaintenance duties such a? ship duties, 
leave, sick cell, or special liberty, and each 
time a person works mure tha.i the normal 
seven working hours during a single day, or 
when he works on what is normnlly considered 
a *'day off" such as Satarrlay, Sunday, or a 
holiday. 

Daily Exception Card 



Exception Time Accountin[T Codes 

The description codas used in ETA for the 
preparation of daily exception cards and re- 
sultant reports. 

WORK CENTER CODES.— Codes for repair 
activity work centers used in ETA that will 
identify reporting vork centers are contained 
in section III of the Equipment Identification 
Code (EIC) Manual. These codes will be entered 
in block A of the daily exception card. 

GRADE CODES. — The following grade codes 
are prescribed for entry in block C of the daily 
exception card: 



The daily exception card is designed for 
automatic data processing and is used to re- 
port exception time of each individual covered 
by ETA. 

Labor Utilization Report 

The daily l£\bor exception listing, the special 
labor utilization report, and the three-part 
monthly actual labor utilization report are the 
major accounting reports resulting from ETA, 
and these provide excellent devices for labor 
utilization analysis. 

ERLC 



Rank/Rate 


Code 


E-1 


001 


E-2 


002 


E-3 


003 


E-4 


004 


E-5 


005 


E-6 


006 


E-7 


007 


E-8 


008 


E-9 


009 



LABOR CODES. — Labor codes are provided 
to account for man-hour expenditures within an 
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LABOR SUB-CODES 



PRODUCTIVE SUPPORT 

10.1 Work Center Supervision 

102 WorKlood Picnning/Control 

10 3 Clericol 

104 Drofting 

10 5 Anolysis 

10.6 Mo:ntenonce TechnicJ) Tfoining 

12.1 Ship Equipment Mointenonce 

12.2 RePflir/Weopon's Dept. Equjp Moint 
:2.3 Repoir/Weopon's Equip. Cleonmg d 

Preservation 

DELAYS 

20 I 
20 2 
203 
20-; 

205 Inclement Weother 
PUT Y ABfENCE 



Awoitlng Work 

AAQiling Ports/Material 

Awoittng TronspoT totion 

AwQihnQ Assistance 



21.2 Deportment Worcn 

;>i.3 Ship/Base Woich 

St 4 Ccrdilion Wolch 

21 5 Militory Trommg 

216 TAD 

21.7 Mess Cooks /Compi Cteoners 

21 8 Vehicle /Boot Cperotions 

2J.9 Per sorneJ/Zone inspection 

NON-DUTY AB S ENCE 



22.1 
22.2 
223 

225 
226 
22.7 



Medical Absence 
Personal Atfoirs 
Leove 

Special Liberty 
Unauthorized Absence 
Confinement 

Non-Judtciol Punishment 



?t.l Quarters (or Muster /Special Sea 
Oeloil 
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Figure 2-8. — OpNav Form ^:790/2E, Reverse side. 



organization. The labor codes are divided into 
three major categories: productive, productive 
support and nonproductive. Labor subcodes arc 
also provided to enable the maintenance manager 
to Isolate areas where excessive man-hours 
are being expended. For convenience, subcodes 
for the major labor code groupings are listed 
on the reverse side of the daily exception card 
(fig. 2-8). 

Productive Labor Codes, — Only one code 
is enccTipassed in this category. Code 01, 
Direct Labor , Direct labor is labor that is 
DIRECTLY expended on any equipment (com- 
ponent part, bit, or piece) for which a work 
center is given maintenance, repair, or manu- 
facture responsibility. 

Productive Support Codes,-— This category 
of codes defines labor expended that supports, 
directs, or controls the direct labor effort. It 
is frequently referred to as overhead. Productive 
support comprises Code 10, Maintenance Ad- 
ministration and Supervision; Code 11, Material 
Control; and Code 12, Tender Equipment Main- 
tenance. The subcodes used in conjunction with 
productive support codes are prescribed to 
identify high man-hour consumers if a finer 
breakdown is desired. 



Code 11, Material Control, Charged to this 
code are man-hours expended in the operation 
or maintenance of tool cribs and bench or 
preissue stockrooms; preparation of re- 
quisitions; control of inventory; and receiving, 
crating, or uncrating supplies. Man-hours spent 
in storage, issue, and material handling will 
be charged to this code. 

Code 12. Tender Equipm(3ntAVork Center 
Maintenance, Man-hours expended maintaining 
repair department equipment and work centers. 
This includes man-hours expended performing 
daily and weekly PMSor preventive maintenance 
checks; equipment cleaning, servicing, and pre- 
servation; cleaning and* preservation of work 
center . 

No corrective maintenance or repair will 
be charged to this code. Corrective main- 
tenance will be documented as 01 labor. 

Nonproductive Codes , — Nonproductive labor 
is labor expended in activities which do not 
contribute to or support the accomplishment of 
the maintenance mission; it is, in a sense, 
lost manpower. The assigned man-hours lost 
through delay or absence will be charged to 
these codes, including delay manhours ex- 
pended during Overtime, Nonproductive codes 
are Code 20, Delays; Code 21, Duty Absence; 
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and Code 22, Nondiity Absence', The subcodes 
used in conjunctior with nonproductive codes 
are prescribed to identify high man-hour con- 
sumars if a finer breakdown is desired. 

Nonproductive codes will not have man- 
hours assigned. 

Code 20, Delays. This code will apply when 
man-hours are lost from maintenance, and the 
loss is beyond the control of the responsible 
work center. Delays in this category are await- 
ing work, awaiting parts or material, awaiting 
transportation, awaiting assistance, and delays 
due to inclement weather. Delays that exceed 
20 minuter- (0.3 hr) will be charged to this 
code or the appropriate subcode. 

Code 2i, Duty Absence. This code applies 
to man-hours lost when personnel are required 
to perform duty outside their primary main- 
tenance assignment. Typical absences in this 
category are watches, working parties, and 
similar details. 

Code 22, Nonduty Absence. Man-hours lost 
from maintenance while exxg/iged in nonduty 
activities. This code will include absence sucn 
as leave or special liberty. 

CODE ASSIGNMENT.— A code will always loe 
assigned to identify the primary job requirement 
and duty of an individual. Many job assignments 
require that portions of time be devoted to two 
or more labor codes. In these cases, the pri- 
mary job of a person will determine his assign- 
ment code. Productive direct and productive 
support labor codes are the only codes that may 
be assigned; and when required, subcodes under 
productive support can also be assigned. 

OVERTIMK REPORTING.— Overtime man- 
hours in Cou 21, Duty Absence and Code 22, 
Nonduty Absence are not to be reported. Over- 
time man-hours are reportable onlj' in Code 
01, Direct Labor; Code 10, Maintenance Admini- 
stration and Supervision; Code 11, Material 
Control; Code 12, Shop Equipment Maintenance; 
and Code 20, Delays. When reporting overtime, 
check the applicable labor code block regardless 
of the assignment labor sulxjodes. 

Administrative Procedures 

The control necessary for man-hour ac- 
counting is vested prin r^rily In the work center 
supervisor . Although each iixuividual responsible 



for submitting an exception card for himself, 
when necessary, the success of the man-hour ac- 
counting system depends upon the supervisor 
who ensures that such action is accomplished. 
The work center supervisor is the primary 
jjerson for whom the information is collected 
and is responsible for the accuracy of the 
reporting. It is of the utmost importance to 
the effectiveness of the system that you realize 
and fulfill your responsibility as work center 
supervisor. 

Own Equipment Maintenance 

In order to have a reasonable balance 
between man-hours indicated on progress re- 
ports and ETA reports compared to overall 
man-hours available, personnel documenting 
under these procedures must be able to report 
man-hours expended in the upkeep and/or re- 
pair of equipments assigned to them for the 
purpose of performing maintenance for others. 
This '^own equipment" maintenance can be 
documented in the following manner. 

If the job is involved or of such a duration 
as to need pl'^nning estimates, etc, the re- 
sponsible woxK center can submit a work re- 
quest tfy itself or to other participating work 
centers. This work request would be estimated, 
progressed, and closed out in the same manner 
as a work request submitted from an organi- 
zational level activity. 

li the job is not involved, or of short 
duration and does not need planning estimates, 
etc. the responsible work center may document 
tiiiS work as a completed maintenance action in 
accordance with MDCS procedaies. 

MATERIAL CONTROL 

The procedures and requirements of ma- 
terial control are applicable to both organi- 
zation level maintenance ships (DDs. SSs, LKAs, 
etc) and intermediate level maintenance acti- 
vities (tender/repair ship, submarine base, etc) 
and serve to describe the interface between 
maintenance and supply functions under the 
3-M system. The procedures and requirements 
cover only those materials/parts that are main- 
tenance related. Items such as office supplies, 
cleaning supplies, forms, and similar items 
that have no maintenance application are ex- 
cluded from these procedures and requirements. 

The remove-replace-repair concept of main- 
tenance has been adopted by the Navy to reduce 
the cost of "downtime'' or ship and equipments 
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requiring repair of overhaul. Proper manage- 
ment of assets to support this concept is 
obligatory Tor maintenance and supply personnel 
at all levx'Js of maintenance. 

The mission of the supply department of 
intermediate level maintenance activities is 
to provide material support in the repair of 
other vessels, self-support, and material sup- 
port to organizational level maintenance ships 
as required. 

It is mandatory that a supply support center 
(SSC) be established as part of the supply de- 
partment. The SSC will be divided into three 
sections: the supply response section, technical 
library section, and the material control section. 
These sections will serve as the liaison jjetween 
maintenance and supply, will function mainly 
to meet the material requirements of the 
organizational and intermediate level main- 
tenance activities. 

Hotatable Pools 

The primary purpose of the rotatable pool 
is to provide a facility for the exchange of 
items of a repairable nature that have been 
turned into the tender or repair activity for 
repair. The use of this facility will allow 
for more rapid response, on the part of the 
intermediate level maintenance activity, to the 
requirements of the ships Ijeing served. Down 
time can be reduced and therefore readiness 
increased, in many cases; by the immediate 
exchange of a defective item for an operable 
one. 

Preexpended Material 

Dm^ng maintenance work, low cost material 
such as nuts, uolts, screws and washers are 
consumed in considerable quantity. The normal 
issue procedures of such material is costly 
in terms of manhours and paperwork. The 
bulk preexpending of such items and their 
location in maintenance spaces offer signi- 
ficant savings in maintenance manhours by 
reducing paperwork and waiting time for ma- 
terial. The supply department benefits by a 
reduced number of issue transactions, Pre- 
expended bins of material are mandatory and 
will be used to the maximum extent in inter- 
mediate level maintenance activities. 

Forms 

NavSup Form 1250— This is the single 
line item consumption/management document. 



It is a five-part document used to request/ 
issue material internally in ships wliich do 
not have automated (mechanized) supply re- 
cords. 

DD Form 1348 (fig. 2-9) — This is the 
single line item requisition document. It is 
a four-or six-part form used Cor internal issue 
of material in ships with automated (mechanized) 
supply records. This is the form to be used 
in instiamient shops for maintenance related 
supply transactions. 

Documentation of Material Usage 
and' Cost Data 

Documentation of material usage and cost 
data on various maintenance transactions re- 
quires the joint effort of maintenance and sup- 
ply personnel. The maintenance man will ini- 
tiate documentation for transactions involving 
requests for material from supply, returning 
material to supply, and reporting 'Visage only'* 
for items obtainec' outside the normal supply 
channels. DocumCilta^.ion of these transactions 
will be accomplished by utilizing the single 
line item requisition document, DD Form 1348. 

ISSUES FROM THE SHIP'S SUPPLY DE- 
PARTMENT UTILIZING THE DD Form 1348. 
-BLOCKS L, M, N. Provide the Unit Identi- 
fication Code (UIC), Work Center Code (WC), 
and Job Sequence Number (JSK) from blocks 
1, 2, and 3 of the work request pertaining to 
the maintenance action for which the item is 
requested. These three codes make up a unique 
number called the job control number (JCN), 
Care must be exercised to ensure the same 
JCN is used on all supply documents relating 
to the same maintenance action. 

Blocks 4, 5, and 6. STOCK NUMBER. Pro- 
vide the Federal Stc^k Number ^FSN) for all 
items requested when possible. 

Block 8: QUANTITY. Provide the actual 
quantity required, consisient with the unit of 
issue, to complete the maintenance action. 

Blocks 10 and 11: DOCUMENT NUMBER. 
The document number will contain two data 
elements; in block 11 the Julian date of the 
day that the request for an item was placed 
with the supply department; in block 10 the 
next sequential department/division serial num- 
ber for each transaction. 
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Figure 2-9. — DD Form 1348. 
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Block 20: PRIORITY. Provide a single al- 
phabetical code only on items that are not- 
in-stock (NL ) or not-carried (NO), The code 
shall be a realistic code assigned by responsible 
personnel designated by the department head. 

Block 21: REQUIRED DELIVERY DATE. 
Provide a Julian required delivery date (RDD) 
only on items that are NIS or NO, and only 
then when it is imperative for the item to be 
onboard by a certain date in order to complete 
maintenance to meet a ship's operating schedule. 

Blocks L, M, and N: Enter the UIC, WC, 
and JSN, This Job Control Number must be 
identical to that of the associated 4790-2K. 

Blocks P and Q, Provide the equipment 
identification code from the EIC Manual. 

Blocks R and S. Provide the APL/AEL code 
from the work request. In cases where an 
APL/AEL does not exist, enter '^NOT LISTED. 

Block U. For all electronic/ordnance items, 
provide the reference/circuit symbol. This sym- 
bol may be found in schematics, circuit dia- 
grams, technical manuals, weapons publications, 
etc. For hull/mechanical/electrical items enter 
the noun name using standard abbreviations 



where necessary, not to exceed 10 characters. 
Further documentation of the DD Form 1348 
will then be accomph'shed by supply personnel 
as set forth in appropriate supply directives. 
After appropriate action has been taken by 
supply, the maintenance man will receive a 
copy of the DD Form 1348 with the material. 
In cases where the material is not available 
onboard, the work center will be provided a 
copy marked NIS or NC as appropriate for 
the work center's status information. 

Usage Only Reporting 

sVhen a part is required to complete a 
maintenance action and is obtained from sources 
other than supply (items such as from can- 
nibalization, salvage or strippingt;ias:6hip or local 
manufacture), it is imperative that the data on 
the part be documented on a DD 1348 as follows: 

Block A: SEND TO. Write the words ''Usage 
Only ' ' in this data block to ensure proper 
reporting of item used. 

Block V. Provide the maintenance source 
code in this block to ensure proper reporting 
of source of item used. Information in blocks 
20 and 21 is not required. Usage of preex- 
pended bin material will not be reported. Fur- 
ther documentation of the DD Form 1348 will 
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be accomplished by supply personnel as set 
forth in appropriate supply directives. 

Replenishment of Preexpended Stocks 

Replenishment of preexpended bins at inter- 
mediate level maintenance activities is the 
responsibility of the supply support center. 
Maintenance personnel responsibilities include 
only security to prevent pilferage and house- 
keeping requirements in the bin areas. 



QUALITY CONTROL 

Present shipyard calibration programs are 
designed to ensure that 95.4 percent of mea- 
suring and test equipment is within tolerance 
when returned at suggested calibration intervals . 
Although present calibration intervals may be a 
satisfactory compromise iDCtween cost and ef- 
ficiency, there still exists out-of-tolerance mea- 
suring and test equipment having an in-date 
calibration status. When this equipment is used, 
it will be necessary to remeasure or retest 
the work with accurate equipment. 

Relying on the present calibration program 
with recall cycles of six months or longer to 
learn that instrumentation is out-of-tolerance 
at calibration and that remeasurement or retest 
is necessary is of little loenef it because, in many 
cases, there is no way of knowing when the 
measuring or test equipment went out-of- 
tolerance, detailed usage records are needed to 
determine what products have been measured 
or tested with a particular instrument, and 
most products are assembled or installed mak- 
ing remeasurement or retest impossible or 
economically prohibitive. Therefore, to deter- 
mine whether measuring and test equipmPnt is 
out-of-tolerance at the time it is used, -in ^arly 
detection systerr. is needed. 

CROSS-CHECK SYSTEM 

The cross-check system can provide a, 
positive means for ide^cifying out-of-tolerance 
equipment before it is used and can certify 
that the test or measuring equipment was in 
necessary tolerance during its use. 

Cross-checking is simply comparing two 
or more instruments of equal or near equal 
accuracy to determine whether the readings 
of the instruments differ significantly. For 
purposes of these instruments, it is the com- 
parison of an instrument with a specified tester 



or standard. The comparison need only be an 
accuracy check for the range of measurements 
for which the instrument was, or will be, used. 
The cross-check system is applicable to mea- 
suring and test equipment used to determine 
the acceptability of a physical characteristic 
of a component or system such as pressure, 
dimension, torque, voltage or amperage. 

First, in establishing a cross-check sye^ 
tem, a set of standards must be procured which 
will cover the physical characteristics and range 
of the measuring and testing instruments fre- 
quently used. Instruments which see very in- 
frequent usage should be maintained in a status 
of * 'calibrate l:>efore use^' and should be calib- 
rated immediately before use and checked for 
accuracy immediately after use by the ap- 
propriate calibration facilities. These instru- 
ments should not be considered part of the 
cross-check system. 

Secondly; a series of cross-checkprocedures 
should be prepared providing a step-by-step 
procedure explaining how the instruments are 
to be checked for accuracy. 

The user is responsible for cross-checking 
his measuring or testing equipment and record- 
ing the results on an appropriate form such 
as the Calibration and Cross-Check Record 
(fig. 2-10). The toolroom attendants should 
not authorize issue or return of measuring 
and test equipment under their responsibility 
unless the required cross-check has been per- 
formed. Violations should be immediately re- 
ported to the repair shop supervisor. As noted 
earlier, the user need only check for accuracy 
for the range of measurements for which the 
instrument was, or will be, used. For example; 
a torque wrench need, only be tested for the 
setting at which it will be used,. the electrical 
or electronic instrument only for the range, 
frequency, etc. at which it was, or will be, 
used. If the user finds an instrument which 
appears to be out-of-tolerance, the instrument 
should be immediately forwarded to the ap- 
propriate calibration facility for verification. 

Measuring and test equipment need not be 
cross-checked after ench individual measure- 
ment. Measuring and test equipment is cross- 
checked when issued j.nd again when it is re- 
turned to the toolroom. To minimize the 
possibility that the tool will go out-of-tolerance 
before use, the initial cross-check should be 
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Figrure 2-10. —Calibration and cross-check record. 
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done within a reasonable time before use. 
All cross-checks after use may be accomplished 
within a time frame which will permit remea- 
surement or retest if the cross-check reveals 
the instrument to be sufficiently out-of- 
tolerance. 

When a calibration facility finds measuring 
and test equipment out-of-tolerance during a 
routine calibration, they should notify the tool- 
room responsible for the issue of the tool. 
The toolroom attendant should then verify the 
Cross-check Records to ensure that the tool 
issued was cross-checked after use. If the 
tool was satisfactorily cross-checked after use, 
it is assumed that the out-of-tolerance condition 
occ ^rred after the measurement and no fm'ther 
action is required. If cross-check was not 
recorded or performed, the toolroom notifies 
the shop supervisor. He investigates the use 
of the tool and ensures appropriate corrective 
action to correct any defects produced by the 
faulty tool. 



JOB PLANNING 

Good planning is the process of sizing 
up the job to be done and determining ef- 
fective methods and procedures for completing 
the project. One good way to plan a job is 
to define as accurately as possible the work 
to be done. Then, you predict any possible 
problems that will arise. Finally, you make 
decisions and take action to solve or correct 
those anticipated problems. 

TASK DEFINITION 

To get an assigned job done in the proper 
manner and on time requires careful planning. 
You will need to know exactly what is to be 
accomplished, when it must be completed, the 
number of mer. available to do the job, and the 
amount of material required. In addition you 
will need to coordinate your work with men 
in other ratings. In any event, you must study 
all available information carefully to be certain 
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that yo understand all important aspects of 
the job io he done. 

PLANNING HINTS 

As the petty . officer in charge, you are 
responsible lor the time of your men as well 
as for your ow'i time. You must plan so that 
they will be kept busy doing constructive work. 
Planning should be done at your convenience, 
but it must be pointed out that keeping the men 
in the shop each morning doing nothing while 
you plan is a waste of manpower. At the close 
of each day, you should confirm i:'lanning for 
the next work day. 

Have the manpower, equipment, and supply 
situations been examined thoroughly? 

1. Manpower. Who is to do what? How is 
it to be done? When is it to be finished? 
Knowing that idleness may breed discontent, 
have you arranged to have another job ready 
for starting as soon as the first one is finished? 
Is every man fully utilized? 

2. Equipment. Are all necessary equipment 
and tools on hand to do the job? Is safety 
equipment on hand? 

3. Supplies. Are all necessary supplies on 
hand to start the job? If not, who should take 
action? 

Have a definite work schedule and inspection 
plan. Set up goals or quotas for the day. Have 
a definite plan for personally checking at inter- 
vals to see that the work is being accomplished 
and that the goals are going to be met. Spot- 
check for accuracy, workmanship, and the need 
for training. 

Until a petty officer learns to delegate 
work properly, he can never be much of a 
success. Every time you find that a job has 
become routine, set up a simple procedure. 
Train someone to handle the job, and from 
then on let that person handle it. 

In delegating authority, be sure that the 
man concerned has the training and information 
necessary to carry out the work. If you find 
that he cannot do the job that is required, he 
may have to be retrained. Remember, you can 
delegate your authority, within reason, to sub- 
ordinates; but you cannot delegate your re- 
sponsibility for the final product. 

Instrumentmen must be trained to do a 
variety of jobs by means of the rotation method, 
on-the-job training, or classroom work; allow 
time for this in your planning for a job. Time 



must also be allowed for handling personnel 
prolate ms, records and military duties. A super- 
visor must allow time for reports and other 
paperwork necessary for the control of men and 
materials imder his charge. 

SCHEDULING AND COORDINATION 

The various phases of a job must be care- 
fully scheduled if it is to progress without 
delays. Generally speaking, the sequence of 
work assignments must correspond to actual 
operations. You must remember, of course, 
that some jobs take longer than others to 
complete. Perhaps one man could be assigned 
to partially assemble one section of a tjqje- 
writer, while another man is still working 
and repairing or replacing a defective com- 
ponent of the typewriter. 

It is important that every man assigned to 
you knows his job and how it fits into the 
schedule or knows what jobs are being sche- 
duled for him. In some cases, a man may not 
be familiar with all phases of the job to which 
you assi^'s him; for instance, a man may have 
had no recent experience w^orking with cali- 
bration of a-'Yarway remote liquid level in- 
dicator. If he is assigned to that calibration 
job, knowing this in advance would give him a 
chance to brush up on this type of work. Making 
up the schedule in advance and posting it on 
the bulletin board or in some other prominent 
place is a useful method of keeping your men 
informed of their forthcoming assignments. 

Successful planning may be accomplished 
by careful day-to-day thinking and alertness 
on the job, and accurate work element, man- 
power, material, and equipment estimates. In 
addition, material delivery and storage arrange- 
ments, and accurate work schedules laid out 
under strict progress control charts which 
are checked continuously, will increase the 
possibility of completing the assigned job safely, 
accurately, and on schedule. Rememljer, all 
the items discussed above are dependent upon 
each other. The greater the detail and care 
you take in planning, scheduling, and coordinat- 
ing, the better are your chances for success. 

Personnel 

Failure to make allowance for personnel 
changes can slow down work or cause a com- 
plete stoppage. Some persomiel matters, of 
course, are beyond your control. If a man sud- 
denly becomes ill or goes on emergency leave, 
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you will simply have to try to get a replace- 
ment for him or do some rescheduling. If a 
man is scheduled for leave or for detachment, 
however, and you do not take this fact into 
consideration when planning your schedule, 
the fault for any delay which results lies with 
you. In making up your schedule, consider 
military duties, special details, and similar 
factors that could aifect work operations. 

If you have a shortage of men for the job — 
and this is not unusual — be certain that you 
assign them to best advantage, according to 
their skills and ;Capabilities, Never ask for 
more men than you can use on a job; extra 
men get in the way of the workers, 

Mate\- -r.l 

^ . en ui£.:'or projects are to be undertaken, 
check past ^. »er.ditures to obtain a guideline 
which will he'.p ;,'ou keep an adequate inventory 
of p^.cts and material. Materials should be 
checked during the planning stage to make 
certain that all materials are available or 
are on* order. Even with this check, there 
is Sv'u-etimes danger of running out of ma- 
terial. This may happen when the rate of 
progress on the job has been considerably 
greater taan anticipated or when materials 
have been unusually slow in arriving at the 
job. If either of these conditions occur, notify 
the officer in charge of the project. He may 
appoint an expediter to see that materials get 
to the location where they are needed. Oc- 
casionally, you might hand-carry a requisition 
through the supply chain to speed up delivery. 
This is strictly an emergency procedure, how- 
ever. Careful advance planning will normally 
ensure an orderly flow of materials. 

Machinery and Equipment 

Machinery and equipment failures may re- 
sult from numerous causes, many of which can 
be prevented. See that your men follow proper 
operating and maintenance procedures. Manu- 
facturers' instruction books and local instruc- 
tions should be strictly followed. 

Instruction Manuals 



schematics, troubleshooting hints and lists of 
component parts, among oUier jx^rtinent infor- 
mation. 

You have seen them, but many of your 
younger men may never have seen them. Per- 
haps a lesson on the organization of one of 
these manuals might be a good idea for a 
training session. Show your men how diligent 
use of the manual will be advantageous to them 
in expediting repairs accurately and safely. 

These manuals should be filed alphabetical- 
ly or numerically according to the NAVSHIPS 
number assigned to each piece of equipment 
and cross-referenced, BE SURE YOUR MEN 
KNOW THE IMPORTANCE OF SAVING AND 
RETAINING THESE MANUALS IN GOOD SHAPE. 
Frequently they are your only guides to the 
accurate operation and repair of equipmei t. 



TRAINING 

Most large, successful, companies recog- 
nize that the most important responsibility a 
supervisor has is that of achieving a well- 
trained work force. Why is this important? 
Proper training results in fantastic improve- 
ments in production, quality, safety and morale 
and reduces costs due to spoilage. When a new 
man reports to the ship his entire attitude 
toward the Navy may be influenced by those 
in charge at this duty station. Proper training 
will point the man in the right direction. You 
can see the advantages of proper training if 
you note the time it takes to correct mis- 
takes, the costs involved, and the necessity 
for reassigning work loads and other sche- 
dules. Wouldn't it be simpler to train the men 
properly in the first place? 

Many supervisors have said to themselves 
that they had no time for training their men. 
The supervisor who has difficulty finding time 
to train his men is probably being overworked 
because the men are not properly trained. If 
the men are trained properly, then the super- 
visors can devote most of their time construc- 
tively to Planning, Organizing, Directing and 
Controlling, 

RESPONSIBILITIES 
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Instruction books are issued by the manu- 
facturers to guide you when you have to repair 
any defective equipment. They contain descrip- 
tions of the theory of operation, photographs. 



As a senior petty officer you should re- 
cognize your responsibilities as you plan and 
organize your unit for training purposes. The 
following information may be useful. 



33 



INSTRUMENTMAN 1 & C 



1. Identify the equipment and jobs for which 
you and your men are responsible, 

2. Determine the requirements for each 
job with respect to the knowledge and skills 
required for successful completion. 

3. Analyze the qualifications of each indi- 
vidual under j^our sujpervision to determine the 
qualifications he already possesses. An e;;cel- 
lent source of information for this is the man's 
service record and his training record. FurthOT" 
information may bd obtained from the man by a 
personal interview. Always remember , however, 
that he may respond with answers that he 
thinks you want to hear. Perhaps the best way 
is to simply observe the man as he performs 
various tasks assigned to him, 

4. Compare each individual's qualifications 
with the job requirements. The difference 
Ijetween his qualifications and the actual re- 
quirements of the job indicates that man's 
training needs. 

5. Make provisions for fulfilling the indi- 
vidual's training, 

6. Train personnel responsible for instruc- 
tion. Be sure to indoctrinate all personnel 
involved in the importance of training and the 
advantages and needs for developing a force 
of well-trained Instrumentmen whose operating 
capabilities will be at a near peak condition 
because of this training. 

Now that you have planned and organized 
your training you should also recognize one of 
the other important functions a good super- 
visor must have. Don't you agree that control 
is a vital link in the managerial process? 
Therefore, j^ou should observe the training to 
determine the effectiveness of the training 
methods and techniques. Are they correct and 
complete? What additional training aids and 
materials are required? Can I obtain some 
equipment for training use? What are the equip- 
ment for training use? What are the reactions 
of the trainees? Are they showing interest and 
performing with enthusiasm or are they jist 
sitting around in the classes? How about hold- 
ing conferences with the instructors to dis- 
cuss their findings and suggestions? Frequently 
the students themselves offer good suggestions. 
Be sure to let them know that these suggestions 
are welcome. 

Another effective method for achieving con- 
trol of training and instruction is to check the 
training progress cards for accuracy and com- 
ploteness. 



Rememljer that training is a vital, never 
ending process which may ]:>e formal or in- 
formal and provides us with tools fjr raising 
the operating efficiency and development of all 
personnel. Training will be more effective if 
adequate CONTROL measures are :aken. 

PURPOSES 

Training includes all of tliose formal and 
informal situations where individuals or crews 
are given instruction toward the solution of: 

1. Immediate problem? related to the readi- 
ness of the unit to perform its current mission, 
or the problems related to the readiness of the 
members of the unit to do their jobs with a 
high degree of skill, 

2, Long-range problems related to the readi- 
ness of members of the unit to qualify for 
advancement in rating, or the problems en- 
countered when members of the unit need train- 
ing for future jobs requiring skills not now 
possessed, 

ADMINISTRATIVE GUIDELINES 

Most shipboard training is administered at 
the division level, with the more senior petty 
officers carrying out the training program and 
teaching the lessons. The training should be 
consistent with the following guidelines: 

1, It muR: be closely integrated and co- 
ordinated wi:)^ the daily operations of the 
shop The plan and organization for training 
must not interfere with the essential repair 
and maintenance functions, 

2, Concentration on the job schedule should 
not be so extreme that vjpportunities for train- 
ing are overlooked; some types of training may 
even have an immediate beneficial effect on the 
job, 

3, Maximum advantage should be taken of 
the opportunities to derive training benefits 
from routine operations. 

The training of Instrumentmen in the pro- 
per use of equipment in the shop is youi* 
responsibility. Provide the training essential 
for each man before you authorize him to use 
a machine. An improperly trained machine 
operator can soondamage an expensive machine, 
A careless or indifferent attitude by an Instru- 
mentman relative to the operation of a machine 
should not be tolerated. Responsibility for 
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proper care and usage of shop equipment 
actually rests with the shop supervisor, the 
person responsible for training, and not with 
the operators. 

One important aspect of training is on-the- 
job instruction; and this must be individualized 
for each person and each job. Training of an 
Instrumentman in the repair of a cash register, 
for example, or anything new to 'him, must be 
accomplished on an individual basis and by 
degree. If a man knows how to repair one 
watch or electric typewriter of a specific 
mare and model, ' of course, he will know 
something about repairing similar machines 
of different makes and models. 

The best way to teach a person by the on- 
the-job method is to demonstrate slowly and 
methodically, with appropriate explanations, the 
procedui^e for doing a certain thing. Then repeat 
the same thing and have the trainee explain 
to you how to do it. Then have the trainee do 
the work while you supervise nim and correct 
deficiencies in his procedia^e and/or technique. 
From this point on, much practice in doing the 
work leads to proficiency, 

A study of the job skills required to do a 
future job may be the starting point for train- 
ing. After you have made such a study, take an 
inventory of the skills the men in your crew 
now possess. You can easily see whether the 
required skills match the available skills. 
When you cannot match the skills, you may 
have to conduct training sessions in order to 
bring the men up to the proficiency required to 
do the job. In some cases you will have to 
conduct refresher training; in other cases you 
will have to provide instruction in new tech- 
niques for doing things. 

At the shop, for example, much of the 
training will be for the purpose of helping a 
man Hpoom.e more versatile, so that he can 
fill more than one job. One man might be a 
good calculator repairman but lacks training 
in the field of watch repairing. On the other 
hand, some training may help him do his pre- 
sent job better. 

To do your own job properly, you must 
study and work continuously to improve your 
own techniques. You must analyze work pro- 
cedures and find ways to combine operations 
to shorten the time required to do a job. Having 
done thlL-^, you must train your men in the ne v 
procedure. Take advantage of the individual'^' 
own concerns and motivation as you proceed. 



Individual Concerns 

Shipboard training will have two objectives: 
to assist men in increasing their proficiency 
so that they can advance and assume greater 
responsibilities, and to assist men in increasing 
their proficiency so that the ship, the department, 
or the division can perform better. 

The Navy enlisted man is usually interested 
oply in training that has a real, immediate 
objective. He is interested in information and 
learning, only insofar as he can see the at- 
tainment of a goal whereby he can advance 
himself in his own eyes and in the eyes of his 
shipmates, friends, and relatives. Consciously 
or unconsciously, the man will, from time to 
time, evaluate his progress in these terms, 
and your training program must be able to 
supply the means for achieving this goal if 
training is to remain meaningful to him. Once 
the program has lost the immediate objective 
in the eyes of the man, nis motivation will 
disappear, and with the loss of motivation 
he loses the prirne mover in the whole pro- 
cess of learning. 

Learning takes place in relation to what 
the student already ki?ows; it must tie in with 
the whole and be coiisidered a part of the 
entire pattern of the man's knowledge. The 
new must be built into the old. 

A man's learning should be followed by 
his being able to use the new knowledge in 
a practical, working manner. This principle 
is true in adult education and in vocational 
training, both of which characterize the Navy 
training problem; the men have little interest 
in subject matter for which they cannot see 
an immediate, practical, and functional ap- 
plication. 



CARRYING OUT AN INSTRUCTIONAL 
PROGRAM 

Remember — a successful training program 
can be successful only if those at the top (you) 
take the program seriously. Very rarely will 
one of the trainee take the program seriously 
if a mockery of the training program is made 
at the top echelons. You recognize the terrific 
shortage of competent technical personnel. Take 
the appropriate steps to relieve that problem 
by training your personnel. Remember — the 
purpose of your training should, be to not only 
teach a man a particular job, but also to 
stimulate the trainee so that he has a desire 
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to learn and improve himself as you shape 
his attitudes toward doing a better job. 

Take advantage of any programmed in- 
structional material you may have access to. 
The Catalog of Programmed Instructional Ma- 
terial, NavPers 93286A tells you where to 
obtain such material. 

Be sure to send your men to various Navy 
schools as the quotas permit. Remember too, 
that men may also be sent to some of the 
manufactui^er^s schools for special training. 
Take advantage of this opportunity if presented 
to you or your men. When a man comes back 
from the schools be sure ^^Rt he has the op- 
portunity to pass on the information he has 
acquired to the other men as well as yourself. 

Your ability to carry out an instructional 
program economically, efficiently and con- 
tinuously will be enhanced if you are familiar 
with ON-THE-JOB TRAINING (OJT) and FOR- 
MAL TRAINING. OJT is practical training 
conducted as part of the normal routine of 
work. Formal training is done during special 
training sessions, schools or with the use of 
materials such as text reading assignments, 
or programmed instructional materials. Your 
knowledge of various tests and the purposes 
they serve will enable you to prepare your 
men so they can better understand their own 
deficiencies. You will also be able to evaluate 
your training program from the results of 
these tests. Finally, your ability to classify 
subject matter into various types will enable 
you to decide appropriate training methods. 

Two types of tests are available to you. 
The one you will use most is the performance 
test. This is a test of job skill, and the trainee 
demonstrates his proficiency by doing the actual 
job. The other type of test is a written test, 
and probably is not available unless you have 
special channels to obtain this Irom Navy 
schools. However, you can tell from how your 
men do on an advancement exam how good 
your training program is. 

CLASSIFICATION OF SUBJECT 
MATTER 

The Navy classifies its subject matter into 
three types: KNOWLEDGE, SKILL, AND AT- 
TITUDE. How you organize and conduct train- 
ing depends upon what you want or must teach. 
There is no "best" method. Training on-the- 
job is different from training in a formal, 
classroom situation, although there are some 
common techniques. 



Knowledge Type 

Knowledge-type subject matter is that which 
is taught to build up a store of useful facts, 
principles, theories, and so on. This type of 
subject matter is usually presented in a for- 
mal training situation. Temperature measuring 
theory, for example, is knowledge type sub- 
ject matter. Common properties of electrical 
circuits is also knowledge type subject matter. 
Instruction in these, and other such subjects, 
would probably not loegin on the job. After theory 
and principles are developed, however, their 
application might well be demonstrated either 
under formal conditions or in an on-the-job 
training situation. 

A training manual such as Instrumentman 
3/2, NavPers 10193-C, provides the men with 
knowledge type subject matter. The correspond- 
ence course that accompanies it carries ques- 
tions to determine how well they have gained 
the information. Encourage your men to complete 
their correspondence courses. 

Skill Type 

A skill type subject — mental or piiysical — 
is subject matter taught to help a man acquire 
an ability to perform required jobs with ease, 
speed, and precision. The teaching approach 
to this situation would, of necessity, be quite 
different from a knowledge-type instructional 
situation. Skill type instruction is usually the 
next step in instruction following the pre- 
sentation of knowledge type instruction; or 
it may be instruction born of necessity on 
the job. Additionally, it may be skill training 
planned by an IMC to see if a striker who 
has read a chapter on manual typewriter re- 
pair can actually repair such a typewriter. 

If need for instruction in a skill type sub- 
ject grows out of a job, it may be taught on the 
job, or it may require instruction (as least for 
introductory information) under formal con- 
ditions. Later, an on-the-job training situation 
may be appropriate for application and practice 
of acquired skills. 

Attitude Type 

Attitude type subject matter is selected and 
taught to create proper feelings, understandings, 
respect, etc. Safety precautions could be at- 
titude type; so could military courtesy. Both 
might be knowledge type, too. "Seabee Ac- 
complishments*' is an attitude type subject. 
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Attitude type subject matter can be organized 
in the same manner as knowledge type sub- 
ject matter, 

CATEGORIES OY TRAINING 

Categories into which training is classi- 
fied, at least for the purposes of this chapter, 
are ON-THE-JOB training and FORMAL train- 
ing. These categories, together with hints for 
conducting such training, will be discussed 
briefly in the remaining pages of this chapter. 

On-The-Job Training 

On-the-job training is mainly for the men 
who already have skills and are on the job. 
It is usually controlled through daily job as- 
signmOi^^'S. 

In general, the objectives of on-the-job 
training in the Navy are: to broaden a man's 
work experience, to improve his work methods 
and increase his production, and to provide 
training for him in the application of basic 
skills to specific work assignments. It is also 
used to make a check on a man's skills as well 
as his understanding and proper observance of 
safety precautions. 

PETTY OFFICER EQUIPMENT SEMINARS. 
— Some of your petty officers have especially 
good knowledge about certain equipment. Take 
advantage of this and ask them to impart 
their knowledge to the other men, especially 
the quirks and peculiarities of the equipment 
that they have learned by experience. Be sure 
that the trainees understand that they should 
ask as many questions as thej^ wish pertain- 
ing to the equipment and that they know that 
the "only stupid question is the unasked ques- 
tion. Impress unpon the instructors the neces- 
sity and importance of training the men pro- 
perly. 

TRAINING DRILLS. —What snould a man 
do if there is a fire? Does he know the pro- 
cedure to folljw? 

Can he repair or replace a defective com- 
ponent quickly and safely? Going through the 
procedure to be used if a simulated casualty 
occurs will enable a man to perform the re- 
quired steps he must take expeditiously and 
with confidence . 

Formal Training 

Training requirements which grow out of 
a job, but which cannot be taught on the job, 

O 
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may require a formal, group instructional 
setting. It generally takes place during re;^- 
ularly scheduled training periods during the 
work day, and it may or may not be voluntary 
on the part of the trainees participating. 

PURPOSES. — Formal training may be arbi- 
trarily divided into two areas: 

1. Subject matter required for advancement 
in rating. Here the instructing petty officer 
conducts training in general subject matter 
areas such as m;ithematics, blueprint reading, 
or basic electricity. In this training situation 
men from other ratings may also participate, 
since knowledge in mathematics, for example, 
is a requirement for several ratings. At other 
times, in connection with advancement in rat- 
ing refresher training is required. Here the 
teaci:er ins.tructs men from various ratings 
in subjects required for promotion. He may 
discuss Bourdon tube theory or a variety of 
gage applications, etc. 

2. Subject matter required for the solution 
of an immediate problem which may or may 
not have a bearing on rate training. On one 
ship installing a MIRCS some of the men did 
not know the aj^nropriate procedures to use. 

The IMC obtained and taught the required 
procedures. This situation occurred when the 
first MIRCS was installed aboard ship and 
knowledge of these procedures was not yet 
a "qual". 

PRACTICAL SAMPLE. — The presentation 
and suggestions about to follow are included 
to give you ideas of how you might carry out 
an instructional program. The hints given are 
not to be constructed as standards one is 
boui:d to observe. 

During the planning stage of any training, 
the following actions on your pari are neces- 
sary: 

1. Ascertain what the training requirements 
are. 

2. Prepare an outline of instruction. 

3. Determine the training aids, materials, 
and equipment that you will use. 

4. Prepare lesson plans, lecture notes, and 
instruction sheets io complement the instruction. 

OUTLINING THE INSTRUCTIONS. — Having 
learned what the trainingrequirements are, per- 
haps the first bitofplanningis in connection with 
the preparation of a complete outline of the 
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scope of the instruction. One method of pre- 
paring such an outline is to make a quick 
survey of the subject matter field. Review the 
Navy rate training manuals bearing on the 
subject. After this survey, broad areas of in- 
struction will begin to shape up in your mind. 
Within each of the broad areas identified 
for training, the next step is to develop topic 
outlines, and arrange them in a systematic 
manner, so that each topic and subtopic within 
the outline rests securely upon information 
developed in a preceding topic. For example, 
you might wish to teach the men basic elec- 
trical circuitry so that they will better under- 
stand thermocouples, millivolt potentiometers, 
and electrical safety. You may arbitrarily 
cificide that one topic within the broad topic 
of "Direct Current Circuits" might be "Direct 
Current Series Circuits," Another might 
"Ohm's Law," A partial outline of instruction 
might appear as follows: 

1. Direct current series circuits 

a. Series circuit connections 

b. Resistances in series 

c. Current flow in series circuits 

d. Voltage in series circuits 

e. Demonstration of series circuits 

(1) Series circuit resistance 

(2) Series circuit current 

(3) Series circuit voltage 

(4) Open circuits 

(5) Short circuits 



Based on the outline of instruction, the 
instructor next develops lesson plans for speci- 
fic training periods. 

LESL^ON PLANS,— A lesson plan is the blue- 
print the instructor uses to teach a specific 
topic or lesson. When the planning previously 
discussed has been acconiplisiied, a lesson 
plan is not difficult to prepare. Lesson plans 
can be in many form:^. The following miin 
parts of a lesson plan have been used in Navy 
training for many years: title of topic, objectives, 
training aids, references, introduction, pre- 
sentation, application, summary, test, and as- 
signment, A format for use in preparing a 
lesson plan is given in figure 2-11, 

It will Ije observed in figure 2-11 that the 
instructor is cued to do certain things at 
certain times. Directly opposite or immediately 
below various points in the outline of instruction 
in the presentation section of the lesson, the 
instructor includes methods he will use to 
'teach, questions he will ask, or problems he 
will work. 

It is presumed that when one teaches he is 
thoroughly trained and already has acquired the 
technical information he expects to impart to 
the class. He may, nonetheless, in advance of 
his presentation, prepare his own lecture notes 
which will parallel, as necessary, the points in 
his lesson plan. Figure 2-12 shows a partial 
set of lecture notes on the Electron Theory 
which the instructor might want to prepare 
and refer to as he teaches. 



2, Ohm's Law 

a. Ohm's law in simple circuits 

b. Ohm's law in series circuits 

c. Ohm's law demonstrated 

d. Experiment on Ohm's law 

After subject matter is selected, but while 
a detailed outline is l^eing prepared, make a 
list of all training aids, special devices, equip- 
ment and tools which will be useful in teaching. 
If instruction is to take place at a time in the 
future which permits ordering training film, 
transparencies, and other training devices, 
include these in the list. 

Before, after, or concurrently with the 
development of the training aids and equip- 
ment list or the outline of instruction, make 
a list of all texts and instruction books that 
are to be used in preparing for and in pre- 
senting the lessons. 



INSTRUCTION SHEETS, — To augment the 
teaching and to complement the lesson plan, 
the resoiu?ceful instructor may enrich his teach- 
ing by using instruction sheets. 

Several types of instruction sheet.: are used 
in Navy training: 

1, Information sheets 

2, Job sheets 

3, Assignment sheets 

These sheets are instructor made and are 
designed to assist the trainee in the learning 
procevSS, They may be planned for in the lesson 
plan as a part of for.nal instruction, or te 
used in a self-study situation where the time 
the instructor can give individual instruction is 
limited. Information sheets are developed when 
a knowledg-e-type subject has been introduced 
and the instructor desires to give the trainee 
information that he .nust know in order to do a 
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SUCiGKSTED LESSON PUN fX)RMAT 



I. TOPIC. 



QUAL. NaKBi^.K. 



II • GBJTOTIVKS (of the lesson) Should be written as IJ-IAKNING CBJKCTIVES. 
(i.e. the minimum basic behavior pattern to be achieved by every mem- 
ber of the class. The objective should state the condition under which 
the behavior is to be obtained and to the standard {% of accuracy of 
proficiency) the performance must meet. 

III. MATERIALS 

List references, training films, other training aids, shops, and enuip- 
ment to be used in preparing and presenting the lesson* 

IV. INTRODUCTION 

List points that will arouse trainees' interest and make them want to 
leam. Include what you expect trainees to accomplish during the 
training period, why the lesson is important, how, when, and where the 
trainees will apply it. 

V. PRKSEmTION 

Make a complete outline of all parts of the lesson in the order in which 
you will present them. Include material from any pertinent job or sub- 
ject jratter analysis. 

Indicate directly opposite or immediately below the various statements 
in your outline the methods you will use to teach them. For example, 
some of your typical notes will be: Ask the follov/ing questions; draw 
this diagram on the blackboard; demonstrate hew to use this too; use 
chart No. to illustrate this principle, etc 

List questions on key ]3oints to be asked in order to stimulate trainee 
thinking and to determine trainee understanding and learning. 

VI. APPLICATION (by the trainee) 

Indicate in your outline the activities that you will have the trainees 
actually do during the lesson to apply it . Typical notes could include: 
Have all trainees solve the following problem; select a trainee to as- 
sist in demonstrating this operation; have all trainees perfom training 
in thfj practical factors where reouired. 

VII. SLrMM\RY 

Recapitulate main points to strengthen the instruction. 
VIII. TEST 

Describe here the means for determining the effectiveness of your instruc- 
tion. A fairly reliable estimate of trainee understanding and achieve- 
ment can be obtained by judicious oral questioning and by close observation 
throughout the lesson. Short oral, written or performance tests provide 
an additional check on trainee learning. 

IX. ASSIGNMIOT 

For maximtm) learning, it is desirable to give trainees a work assignment 

for the next lesson. Be sure to include what > how, when, and v/Jiy for 

every assignment that you make. 
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Figure 2-11. —Suggested lesson plan format. 
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LhCTUI-£ NOTES 



A, ElecLrcn theory 



lo Molecule 



li^ the small<ir.t nc^r:ible particle a substance may be broken do\m 
into and .stLll retain iZis phy:^ical identity. Kiolecules can be 
further broken down into atoiTiS. 



C. Current eloctricit. 

Current electricity is electrons in motion. If we cau.v.e electronfj to 
flow from one point to another, an electric current exists between 
thef;e two point 'a* • In order that current may flow we have a conductor « 

1, Direct current 

Is a steady flow of electron:-: thrciuph a conductor in one dir*ecticn ONLY^ 
a. Sources 

(1) Batteries 

(2) Direct currenL freno fatcr's 

(3) Rectifiers 




2, Alternating^ current 



A conductor carry^Lnp altennating cui-rent electricity has electrons 
passing through it in one direction for a very short perioa of time, 
then the direction of electron flow iy, reversed, and the electrons 
flov; thrcuffh the conductor in the opposite direction for the same 
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Figure 2-12. — Lecture notes that may be used to complement the lesson plan. 
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specific job, or jobs. Information sheets may 
be used to introduce general or related informa- 
tion. Figure 2-13 shows an information sheet 
on d-c series circuits. 

Job sheets may be used after you have 
provided theory and have demonstrated how a 
skill type job is to be performed. Job sheets 
may te used in class as an integral part of the 
lesson, or they may be used in a self-study 
situation where the instructor is available for 
consultation and can make frequent checks. Job 
sheets, as such however, are not generally used 
to teach a man how to do a job. Rather they 
provide the trainee with a directed means of 
applying the knowledge he has gained. For 
example, job. sheets may prepared to check 
a man out in performing calibrations, adjust- 
ments, testing, and troubleshooting. Job sheets 
ought to include situations where the user 
makes mental decisions similar to those he 
will make while maintaining and/or trouble- 
shooting his equipment. Figure 2-14 will give 
you an idea of the format and contents of a 
portion of a job sheet that might be used for 
training a man how to turn a piece of brass 
stock. 

Instruction that is of a continuing nature 
requires that assignments be made. Assign- 
ments, of coui'se, can be made orally and can 
be of a general nature, but more disc'oline 
and direction can be put into the learning 
process when frequent use is made of prepared 
assignment sheets . Assignment sheets are parti- 
cularly helpful in self-study ^situations . 

TRAINING EVALUATION 

The final phase of any training program is 
the evaluation of progress in terms of the 
original objectives. Is the training progi^am 
really doing what it was designed to do? 

Evaluation may ^dc either formal or in- 
formal in nature. Formal evaluation is carried 
out through a testing program to find out what 
knowledge the student has gained, or wha*" level 
he has reached. Informal evaluation consists 
mainly of supervision and contact on a more 
personal p^-ine; interviews, conferences, and 
inspections are used to determine whether 
teaching procedures and environment are con- 
ducive to the learning process. The supei visor 
must be able to recognize dr^iects when he sees 
them, and he .;hould kiiow how to apply cor- 
rective measure.', and to motivate his instruf;tors 
to the solution he proposes. 



Shops do not differ from civilian schools 
in the need for effective evaluation of teaching 
and teachers. Remedial and motivational super- 
vision by the Navy administrator can certainly 
be expected to result in a Ijclter quality of 
instruction. 

Here is a good thing to keep in mind to 
ensure that youi^ on the job training program is 
always working: 

When you find yourself taking over work 
from another man, because he doesn't know 
how to do it right, or when a job comes into your 
shop that only you can do, it is time for on- 
the-job training. Try to l:)e a valuable supervisor 
not an indispensible worker! 

Motivation 

Motivation may be definud as the effect of 
a group of incentives, physical, psychological, 
or sooial, which persuade an individual to a 
certaii behavior. In the Naval situation, it 
may be assumed that physical needs are 
cared lor. The social and psychological drives, 
therefore, are the one with which the training 
program must be most concerned^ 

The most efficient learning takes place when 
the student has a strorg desire to achieve an 
actual and significant goal. His reasons for i.his 
desire may be many and varied. Future se- 
curity, rer ignition, money, social or profes- 
sional disti.. tion are all factors which may 
motivate an individual to attain a goal. Tiie 
late General Eisenhower is supposedly the 
author of the statement that "Leadership is 
the ability to get a person to do what you 
want hi i to do, when you want it doro, :n 
a way that you want it done, becaus e "-^ wants 
to do it.'' 

The statement above probably epitomizes 
an additional excellent example or definition 
of motivation, ^eing able to direct your men 
so they want t) achieve the same goals you 
do is the crux of your job. As you know, most 
men want to please their supervi orF.. Getting 
to know your men... learning as much as you 
can about them and their individual motivations 
will make your job easier and enable you to 
complete tasks within scheduled times more 
often. Your skill as an administrator will be 
enhanced as you can show each individual how 
his skills contribute to the central purpose of 
the group or project involved. Showing a man 
how the responsibilities he assumes contributes 
to the success of the desired goals of the group 
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INFORMATION SHEKT 



INTRODUCTION 



D.C. SERIES CIRCUITS 



D.C.serier circuit;^, the .^implef:+^. type of electrical circuit you will 
encounter, must be lei=".mcd firpt» 

A thorough knowledpe of d.c. series circuit?; will aid in understanding 
current flow and polarity of voltage drop.^ and voltage divider networks 
in future circuits, 

RKFEKilNCES 

NavPer', 10086 B 
Basic Kloctriclty 

INFORMATION 

A series circuit is so de:5ipned that the current has only one path 
from the negative sl'/.o of the source to the positive side. The current 
at any point in the circuit is the same a» at any other point at a given 
time. This is true because there is one path only for the electrons to 
follow, and the 3;une numhRr of electrons that leave the negative terminal 
munt be rGtumod to the positive terminal, repardle:3r> of what the source 
may he (battery, frennrritor, power line -). 

The total resistance in a scries d.c. circuit is the sum of all the 

resi st^inceii, atui the current is tne same throuf^h any of the resi.=;t»incei . 

Thc^ voltaf^e will divlvle throughout the circuit proportionately with the 
size of the resistance. This can he proven by using Ohm's Law^ E = IR, with 
E = voltfiFO, i - current and R resistance. The source voltape mur.t be 
consun-^r'. or dropped in the circuit. Voltape drops have polarity identical 
to source voltape. 

The polarity of a voltape drop can easily be determined. The end of the 
re.>3Lstancd closest the negative terminal will have nef^ative polarity with 
respect to the positive- terminal, and the end nearest the positive terminal 
will be por^ltive with respect to the nef^ative terminal. This is tnje 
bec'iuse eleci^rons flow from nefrative to positive, and in order to have 
current flow, a difference of potential mu. t exist, 

Let us take a sxmpl-^ circuit and oee hov/ the voltape divides. 



R I 

ZQ 



R 3 



Fi^^:t find total current. Ohm's 
Law saya I = E, This belnp a series 
R 

circuit we know that 
Rt - Rl + .R2 + R3 
Rt = 2 + 1 +35 
Rt = 6 . 



We also )<Tiow the current is the £uime thr.')uphou''i> the circuit. 

We can easily find I using Ohm's l^w.I - 6V ^ thor*^i'ore i 1=1 anp. 

6fl 
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Figure 2-13. — Information sheet. 
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TOPIC #3 
JOB SHEET #3 



Title: Turning a piece of brass stock 

Reference: Bulova School of Watchmakers, Training Unit NO. 3 
Pages 46 thru 48 

Tools and Materials: 

1. Lathe and bench 

2. Brass stock 

3. Hand Gravers 

4. Tools in bench 

Skills to be learned: 

This assignment will give you r^ractice in using the watchmakers 
lathe, hand gravers, micrometer and turning of small parte used 
in watches. At the end of this lesson you will have learned how to 
mount your stock in the lathe and turn it to certain specifications. 

Procedure: 

1. Select a number 30 chuck, 

2. Select a brass rod three millimeters ir diameter. 

3. Chuck the brass rod in the lathe to extend out from the chuck 
fourteen millimeters, 

4. Present the graver to the brass twelve millimeters from the 
end. 

5. Start the turning by using the point of the graver until the rod has 
been turned off. 

6. Remove the balance of the braes rod from the chuck. 

7. Chuck the blank in the lathe so that the bevel plus one millimeter 
extends out from the chuck. 

8. Use the left side and point of the graver to face off the blank. 

9. Remove the blank from the chuck. Measi^re the length of the blank 
with the slide gauge and make a mark with the point of the graver 
10 millimeters from the end that was faced off. 

10. Chuck the blank in the lathe with the mark extending out from the 
chuck one millimeter. 

91.421 

Figure 2-14. — Job sheet. 
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usually makes him desire that responsibility 
rather than run from it. 

Additional information for motivating your 
men as well as additional guidelines for con- 
ducting training are available in the training 
chapters of the current editions of Military 
Requirements for Petty Officers 3 and 2, and 
Military Requirements for Petty Officers 1 
and C. 



SECURITY 

The Department of the Navy Security Manual 
for Classified Information, OpNav Instruction 
5510, IC, provides a series of instructions and 
orders which establish a coordinated policy 
for the maintenance of the security of all 
information classified in the interests of national 
defense. A copy of it should be in the ship^s 
office, or preferably, in your own shop. 

You must become familiar with the con- 
tents of this book in such a way that you will 
Ije able to describe the elements of seciurity 
found in the following chapters and articles. 



Chapter 3: Security Orientation, Education 
and Training 
All Articles 

Chapter 4: Classification Management 

Article 0405: Improper Classification 
Article 0406: Misuse of Classifi'cation 
Article 0423: Classification of Infor- 
mation according to Con- 
tent 

Article 0424: Dissemination Considera- 
tions 

Article 0426: Specific Classifying 

Criteria 
Article 0432: Individual Action 
Article 0443: Regarding and Declassi- 
fication 



Read them. Study them. You will be asked 
questions about them on promotion examinations. 
One good way to learn these articles is to 
teach classes on security matters. Additional 
security material for which you are responsible 
is located In chapter 17 of Instrumentman 3 & 2, 
NavPers 10193-C. 
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CHAPTER 3 

SAFETY 



Saiety is defined as security form danger, 
harm, loss, or injury. In the performance of 
your duties as an Instrumentman, you will direct 
installation, maintenance, and repair of equip- 
ment in which dangerously high voltages or ex- 
plosive gases are frequently present. This work 
is often done in very lim.ited spaces. Among the 
hazards of this work are electric shock, elec- 
trical fires, harmful gases which are sometimes 
generated by faulty electrical devices, and in- 
juries which may be caused by the improper 
use of tools. 

Because of these dangers, you should be 
aware that the formation of safe and intelligent 
work habits is fully as important as you knowl- 
edge of equipment. One of your primary ob- 
jectives should be to train yourself and your 
men to recognize and correct dangerous con- 
ditions and to avoid unsafe acts. 



SAFETY PROGRAM 

It is the policy of the Secretary of the Navy 
to maintain an effective and aggressive safety 
program throughout the Department of the Navy 
for the purpose of preventing accidental deaths 
and injuries and material damages. An effective 
safety program includes the disem' nation of 
safety precautions which are known to be in- 
strumental in preventing accidents and in main- 
taining a safe working environment. 

The puipose of safety rules is to create 
within the individua"^ an attitude of thinking and 
acting in terms of safety. Prescribed safety 
precautions are instrumental in avoiding pre- 
ventable accidents and in maintaining a work 
environment which is conducive to g^od health. 
Operating procedures and work methods adopted 
with safety in mind avoid unnecessary injury or 
occupational health hazards. Accidents which 
are about to happen can be prevented if the 
"cause" is detected and appropriate rc-medial 
action is taken. 



Study all safety precautions anrl their ap- 
plication to the particular installation with which 
you are concerned j and consider the possible 
necid for specific precautions to gxiard against 
hazards peculiar to this installation. 



RESPONSIBILITY FOR SAFETY 

Although responsibility for the safety of per- 
sonnel is vested in the commanding officer, he 
frequently delegates his authority to the exe- 
cutive officer and other subordinates to ensure 
that all prescribed safety precautions are under- 
stood and strictly enforced. The commanding 
officer requires that the personnel under his 
jurisdiction be instructed and drilled in ap- 
plicable safety precautions; he requires that 
adequate warning signs be posted in dangerous 
areas; and he satisfies himself that such pre- 
cautions are being observed. It is the responsi- 
bility of supervisory personnel to see that safety 
precautions are strictly adhered to in their own 
work areas, since they, in turn, are under orders 
from, and responsible to, the commanding officer. 
Furthermore, each individual concerned shall 
strictly observe all safety precautions applicable 
to his work or duty. Thus, it can be seen that 
safety is the business of every individual — not 
just a delegated few. 

As an individual, you have a responsibility 
to yourself and to your shipmates. Always be 
alert to detect and report unsafe work practices 
and unsafe conditions so that they may be cor- 
rected before they cause accidents. 

Human error includes all the actions or 
inactions of an individual having a bearing on 
an accident or an unsafe practice that can lead 
to an accident. To reduce human error as a 
predominant cause of accidents, it is the re- 
sponsibility of every individual to acquaint him- 
self with the surrounding environmental hazards. 
He should condition himself to be alert, both 
mentally and physically, so that he can protect 
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himself and others by not foolishly or unneces- 
sarily exposing himself to hazards. 

SAFETY ENFORCEMENT 

As a petty officer, you have the same re- 
sponsibilities all other equally rated petty of- 
ficers have in enforcing all s^iiety precautions. 
These, as well as all rules and regulations, 
must be enforced. It is your duty to take ap- 
propriate action at any time you see a man 
disregarding a safety precaution. There is no 
room for prima donnas. You must require all 
jobs to be accomplished according to applicable 
safety procedures. Doing a job the safe way 
may take a little louger in some cases or be 
a little more inconv anient, but there is no 
doubt as to the importance of doing every job 
in this manner. 

Remember — you can influence the behavior 
of your men by example, by developing safe 
working conditions and work procedures, and 
by teaching these procedures and insisting on 
adherence to them. 

TEN COMMANDiMENTS 

Require yuux men to obey the ten command- 
ments of safety: 

1. LEARN the safe way to do your job before 
you start. 

2. THINK safety, and ACT safety at all times. 

3. OBEY safety i-ules and regulations — they 
are for your protection. 

4. WEAR proper clothing and protective equip- 
ment. 

5. CONDUCT yourself properly at a?l times — 
horseplay is prohibited. 

6. OPERATE only the equipment you are 
authorized to use. 

7. INSPECT tools and equipment for safe 
condition before starting work. 

8. ADVISE your superior promptly of any 
unsafe condition or practice. 

9. REPORT any Injury immediately to your 
superior. 

10, SUPPORT your safety program and take 
an active part in safety meetings. 

"Safety Pays With Happy Days." 

ELECTRICAL SAFETY 

Make sure than all your men are aware of 
and are observing all safety precautions and 



expecially those regarding electrical safety. You 
can't expect a man to observe a precaution if he 
is unaware of the hazard. Therefore, your first 
duty will be to ensure that all of the men in 
your group are aware of the general safety pre- 
cautions applicable to the )xise or ship. Then, 
ensure that all your men have read and under- 
stood all posted safety precautions relating to 
the electrical equipment on the base or ship. 

The installation, maintenance, and operation 
of test equipment necessitates a stern safety 
code. Noncdmpliance with the code on the part 
of the Instrumentman can result in serious 
injury or death due to explosion, electrical 
shock, falls, burns, flying objects, and similar 
causes. 

Accident investigations have revealed that 
the majority of accidents result from unsafe 
practices or acts, most of which are known 
beforehand to be unsafe and in violation of 
safety practices, rules, regulations, or direc- 
tives. 

Electricity must be treated with respect 
and handled properly. Stress this factor to your 
men over and over. If water exists anywhere 
in the vicinity of live equipment — be especially 
cautious, and whereever possible, deenergize 
the equipment. 

Emphasize to the men the importance of 
learning the proper procedures when working 
on electrical equipment and to check to see 
that everything is in order before they turn 
any switches or energize any equipment or 
circuitry. If any doubt exists as to what the 
individual is doing, he is to check with a- 
nother trained individual before proceeding any 
further. Always remember and teach your men 
that: 

• Electricity strikes without warning. 

• Hurrying reduces caution and invites ac- 
cidents. 

• Taking time to be careful saves time in 
the end. 

• Taking chances is an invitation fco trouble, 

• Every electrical circuit is a potential source 
of danger and MUST BE TREATED A:^ SUCH. 

• Even in cases of emergency, never work 
on an energized circuit. It must be con- 
sidered that the circuit is energized until 
a personal check has been made to see that 
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the switch is opened and tagged, and the 
cii^cuit has been tested with a voltmeter, 
or voltage tester. 

REPLACING FUSES 

Whenever practical, a circuit should be 
checked out tefore a burned-out fuse is re- 
placed. The trouble is usually indicative of 
a circuit fault. Fuses are safety devices and 
should be used as such. A blown fuse should 
be replaced by a fuse of the same rated volt- 
age and ampere capacity. Where removable 
fuse li^i^.s are used, only one link of the cor- 
rect rating is to be used for each fuse. In- 
sertion of metal discs, coins, etc. in the back 
of plug fuses or the shorting out of cartridge 
fuses is strictly prohibited. NEVER SHORT 
OUT A FUSE. 




1.32(91C) 
Figure 3-1. — Using a fuse puller. 



When it is necessary to remove a fuse, 
the operating switch should be opened to re- 
move the load, and the fuse extracted with 
an insulated fuse puller (fig. 3-1) except where, 
as is usually the case on switchboards, the 
fuses are mounted in plug type fuse holders. 
These fuses are removed by unscrewing the 
plugs. 

Only fusf^'^ of lO-ampere rated capacity or 
less should be removed from or replaced in 
energized circuits and only if an emergency 
exists. 

Fuses larger than lO-ampere rated capacity 
should be removed or replaced only when the 
circuit is completely deenergized. After the 
repla-jement, the circuit should be energized 
only when the cover over the fuses is closed. 
Neglect of this precaution has led to injuries 
caused by explosion of a fuse when the cir- 
cuit was energized. 

DISCHARGING CAPACITORS 

Before you touch a capacitor which is con- 
nected to a deenergized circuit, use the safety 
shorting probe to short-circuit the capacitor 
terminals and make certain that the capacitor 
is completely discharged. Also, before you han- 
dle a capacitor which is disconnected from 
the circuit, use the probe to short-circuit the 
capacitor terminals and to short-circuit each 
terminal to the capacitor case. (Never store a 
capacitor with a charge; always discharge the 
capacitor before storing it as a spare.) 



GROUNDING 

Metal cases, bases, frames, and other metal 
parts of electrical equipment, appliances, ma- 
chines, and fixtures powered from supply cir- 
cuits in excess of 30 volts ac or dc, shall 
be grounded. Where inherent grounding is not 
provided by the mounting arrangements, ground 
connections shall be provided to ground he 
frame, enclosure, or support of permantMitly 
installed electrical equipment. Semiportnble 
equipment which is normally used at fixer loca- 
tion shall also be grounded. Portable electrical 
equipment in conductive housings shall have 
adequate grounding. 

Electrical and electronic workbenches must 
have a four-foot ground lead for every four 
feet of v/orkbench. 

The s,rounding conductor shall have a cross 
sectionp.l area at least equal lO, and preferably 
greater than, the cross sectional area of the 
line conductors which carry power to the 
equipment. The grounding conductor shall make 
positive m^tal-to-metal, low resistance contact 
with the equipment at one end and at the other end 
with the metal object used as aground, the hull of 
the ship in shipboard installations, and the ground 
rods, water pipes or installed grounding objectin 
shore installations. The resistance between the 
earth and the metal object used as ground shall 
not exceed 3 ohms ashore and 1 ohm aboard ship. 

Never open ground connections at ground 
pipe or at ground bus bars unless they have 
been first disconnected at the point of contact 
with the equipment they are intended to ground. 
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This prevents an accident if the ground wire, 
or hiis !)ar should become energized. 

INSULATING FLOOR COVERING 

On all circuits where the voltage is in ex- 
cess of 30 volts, the men shall be insulated 
f2^om accidental grounding by use of appz^oved 
insulating material on the floor at operating 
and working locations. The material shall have 
the following qualities: 

It shall be dry, without holes, and shall not 
contain conducting materials. The voltage rating 
for which it is made shall be clearly marked on 
the material, and the proper material shall be 
used so that optin:ium protection from the voltage 
can l^e supplied. 

On voltage telow 600 volts, dry wood may 
be used, or, as an alternative, at least two 
layer of dry canvas, sheets of phenolic ma- 
terial, or rubber mats. Where other than ap- 
proved laibber mats are used, the marking 
provision of the paragraph above shall not ap- 
ply; however, care shall be taken to ensure that 
Substitute material is capable of providing the 
required insulation value. 

On circuits above 600 volts, nonconducting 
rubber matting of an approved type shall be 
used. 

Care shall be exercised to ensure that mois- 
ture, dust, metal chips, etc., which may col- 
lect on inP^'i'Ati.ig materials is removed at once. 
Small '^.wposits of such materials can become 
hazardous. 

EMERGENCY PROCEDURES 

Artificial respiration and cardiac massage 
are emergency life saving techniques which you 
and your men should be able to apply. These 
techniques and certain power releases and time 
precautions are desr^ribed in chapter 4 of 
Instrumentman 3&2- .vIAVPERS 10193-C. DO NOT 
try to administer .irst aid or come in physical 
contact with an electric shock victim before 
the voltage is c^t off, or, if the voltage cannot 
be turned off immediately, before the victim 
has been removed from the live conductor. 



SAFETY EDUCATION AND PROMOTION 

As an Instrumentman First Class or Chief 
Instrumentman, you have a responsibility to 
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provide electrical safety education to all Instru- 
mentman, particularly those whc se primaz^y dut- 
ies are nonelectrical, regardirg these pre- 
cautions. The responsibilities .n this area are 
ever increasing as more anr' more electrical 
machines and equipment are \tilized for various 
jobs. Facts to ))e brought out and points to 
stress to the men should include: 

•Information regarding electrical shock and 
precautions against it. 

• Voltages as low as 30 volts can be and are 
dangerous. 

• M^ke no electrical repairs. 

•If there is any doubt, have the device tested 
by authorized electrical personnel. 

•Always report any shock received from elec- 
trical equipment. Minor shocks may lead to 
fatal shocks. 

• Before using any portable equipment, visually 
inspect it, looking for damaged or frayed cords. 

Accidents do not happen without a cause; 
when each individual can be made safety minded 
and taugi'.t to think and act in terms of safety, 
fewer accidents will result. Safety must be a 
continuous effort in which each individual gains 
experience and knowledge through day-to-day 
association with coworkers who are safety con- 
scious. Therefore, why not start your own per- 
sonal safety program? 

THINKSAFETY 

TALK SAFETY 

SELL SAFETY 

Promoting safety within the Instrument group 
will require you to become safety conscious to 
the point that you automatically consider safety 
in every job or operation. By safety reminders 
and your personal example you will pass this 
safety consciousness on to the other men. 

Usually one learns by experience, Learning 
safety by your own personal experiences would 
be foolish indeed since it is so unnecessary and 
dangerous. Most of the rules and regulations are 
based on someone else's experience. Instruct 
your men to follow thpse rules and regulations 
since most of them are based on common sense 
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as well. Tell them ^.o ask you if they don't 
understand the reasons for certain procedures — 
and to keep asking until you provide the ansex^s. 
Explain to your men that some men learned the 
xniles — th'S hard way. 

All men, even the old hands, need to 
reminded occasionally to wox^k safely. The list 
of senior rates involved in fatal accidents bears 
out this fact. 

To jostle the men into the habit of safety 
consciousness, various methods for safety pro- 
motion can be used. Posters, such as figux^e 
3-2, are furnished periodically to the fleet and 
overseas bases. These can be used as rem.'nders 
for promoting safety. Post them in your work 
areas and change them when new ones become 
available. 

Periodic safety patrols or inspections made 
by junior men in the group can also be helpful 
in reducing electrical hazax^ds such as stoi^age 
of foreign articles in or near switch)x>ards and 
control panels. These may take place at any 
tim*=^ and without prior preparation. Perhaps one 
of the men has received a slight shock. This can 
be the basis for the discussion. Possible fatal 
consequences under slightly different conditions 
will relate this pointedly to all personnel. 




40.67ailA) 

Figure 3-2. — Safety poster. 
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SAFETY INFORMATION SOURCES 

A variety of publications provide you with 
safety information. These include the Naval 
Ships Technical Manual, Naval Ship Systems 
Command Technical News, Naval Safety Center 
publications, andmanufacturers' instruction man- 
uals. In each of its chaptex^s, the Naval Ships 
Technical Manual contains general safety rules 
or measures that are applicable to the main 
subject of the chapter. For example: Article 
9870.82 cites safety m^^asures to protect per- 
sonnel from the connecting gears of counters; 
article 9230.31 cites general safety rules govern- 
ing the use of compressed gas cylinders and 
gases. The Naval Ship Systems Command Techni- 
cal News often publishes articles of interest to 
Instrumentmen, such as articles that discuss 
safety or provide up-to-date Information on 
calibration programs. 

Safety material is promulgated to the fleet 
on a continuing basis by the Naval Safety Center. 
The Submarine Directorate issues Submarine 
Safety Notes, Diving and Salvage Safety Notes, 
Maintenance/Material Safety Bulletins, Semian- 
nual Casualty Analysis Reports and Miscellaneous 
Casualty Briefs. The Surface Ship Directorate 
i?^-ues the Ships Safety Bulletin monthly and 
has recently issued a second periodic report 
on forces afloat accident information. Submarine, 
Surface ' Ship and Diving/Salvage Safetygrams 
(fig. 3-3) provide an excellent means for fleet 
units or individuals to participate informally in 
the sa' ;,y program/ Both directorates collaborate 
in the p'iblication of Fathom Tiagazine, which has 
proven to be an effective method of getting safety 
information to the fleet (fig. 3-4). In addition, 
the safety Center makes available posters and 
other safety education material which can be 
beneficial to safety efforts and accident pre- 
vention programr> throughout the fleet. 

Finally, manufacturers' instruction manuals 
and rate training manuals are good sources of 
safety material. They describe the safety haz- 
ards of the equipment and material for which 
a man is responsible. Read them carefully and 
follow their instructions precisely. 

SAFETY TALKS 

U'hen you deliver a safetj' talk, do you get 
yawns or action? If it's action, then your talks 
are producing the results that they should. But, 
if your safety messages aren't getting through, 
there are probably steps you can take to im- 
prove them. Here are five ways in which you 



INSTRUiMENTMAN 1 & C 



SUBMARINE 



Ship Name t 



References 
Pbn No/Tct 




SURFACE SHIP 



1 



DIVING/SALVAGE fry 

SAFETYGRAM 




ln)truclion 
ntjfking jf> 

NAVSAFE 



Initructi 
.HtJCh add 
NAVSAFI 



Ship Naiiif or Activity 



Rt'ferelK■e^ 

\*hn No /Tech ManiLi)/etf 



STATE. What. Vkhetc, v.hy - hovfc it can bv luvvciitetl »t v:»rT*;ctwI. 





CO 




SIGNATURE (NOT REQUlREDl 


BE 


Vrnlfuction* t1 ) Send onginol to CcpmntaofH'f NAVSAf-f.Ctl 
' longfiantt, attach a(t(lition,il Sfieets J% tuxeiwry '31 It t IjSSifif 
NAVSAFECEN 5101/2 


jful copy to TvP^ CommundtT Metiiin tdu lunv M,iy use m(."h;i 
J Miforftijiion im luttttj, follow iiooruon.ilt' 'n.Kkmy jirxl tioiluti) 





ERIC 



Figure 3-3. — Safetygram fo3*ms. 
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Diesel Effect 



A DIVING activity recently reponed an accident 
involving a "deadweight" A. she ro ft Ckige Tester (Type 
I*Xjal Range — max. press. lOCK) psi). The neui)- 
purchased .Ashcroft tester kit came complete with a supply 
of oil and an instruction m;\nual which specified the use of 
light grade machine ur autoriwtjve uil (SAI! 21) or 
equivalent) when testing other than ox>'gen system giiges. 

After several high- pressure gages were calibraieil with the 
new tester, they were rcinstaJled in the high - pressure air 
system. Preparations were then made fur a 2100 psi le.\k 
test o*^ the system, lipon applying pressure lu the system, 
however, an explusion occurred in the hij^'h- pressure .lir 
hoselarruw, phuto at right) Ic^^ated between the system's 
niain line and one of the tested gages. 

NAVSHIPS Tcih \\(OUJ(i} sti\tes, "Never test high- 
pressure gages in a deadweight tester that uses oil as a fluid, 
since even minute anx>unts of uil remaining in the Iik>urdon 
tube of the gage represents a pt)'entially tlangerous 
situation. I se a comparator type gage tester." Ihe Naval 
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Figure 3-4. — Article from Fathom magazine. 



can make sure you are driving home the prin- 
ciples of good safety habits. 

Prepare 

Even if you think yov know safety forward 
and backward, don't wait until you're standing 
in front of your audience before :^^\x start think- 
ing about what to say.. What comes out will 
probably be rambling *&.nd disorganized. In pre- 
paring safety talks, th'ere's plenty you can do 
in the course of your daily activities. For ex- 
ample, you can write down ideas, quotes, notes 
on safety incidents, and other observations you 
make during your work day. Carry a small 
notebook and you will soon build up a bank of 
reference material that you can draw on when 
you're preparing a safety talk. 

Read all safety literature with your calks 
in mind. Whether it's a releiiae from ?. safety 
organization, or an article from a nev^spaper, 
trade journal, or popular magazine, ask your- 
self, "What's in here that I can use?*' If there 
is anything, jot it down, or clip out the entire 



article and file it. With a different folder for 
each aspect of safety, you can easily locate 
source material on the particular subject you 
want to talk about. 

Get the know-how of others on safety. Others ** 
may have good ideas you can use in your safety 
talks. Listening to others talk about safety will' 
often tip you off to the gaps in their knowledge 
that needs filling. 

Organize your talk be to re you get uji to make 
it. Prepare notes — it's especially useful to have 
facts and figures at your fingertips. Don't read 
your speech but use your notes to keep yourself 
on the track. 

Pinpoint 

Since you will usually have to keep your safety 
talk short, don't try to cover too much ground. 
It's more effective to concentrate cn one limited 
subject and deal with that comprehensively. For 
example, you might discuss a specific safety 
rule, analyze a recent accident, or talk about 
fire prevention. 



51 



r 



INSTRUMENTMAN 1 C 



Personalize 

A lot of dry, technical talk al)out safety won't 
lea' e m ich of a dent in your listener's minds. 
To , ;ive an effective safety talk, make it personal, 

Prt'sent 

Try to make it as easy as possible for your 
listeners to absorb your safety message. 

The maz^e graphically you present your talk, 
the more likely it is to be remembered. Once 
you have picked your subject, consider the visual 
aids you miglit use to drive liome the points you 
wish to make. Demonstrations, movies, slides, 
displays, and charts can all contribute to the 
impact of your talk. For example, you can drama- 
tize the importance of eye protection and the 
results of the loss of vision by using the ''blind- 
fold test," Several volunteers are blindfolded and 
then asked to light a cigarette, eat, write, and 
move around. The results of such exposure 
bring the mepsage across very vividly. 

Take the time to prepare your props so that 
there will be no interest-killing delays. If charts 
are used, they should be clear and easy to read, 
displayed as near to the audience as possible, 
and removed as soon as they have served their 
purpose. 

Presenile 

Your purpose in giving a safety talk is not 
just to inform — it is also to get action. Let your 
audience know exactly what safety goal you are 
aiming for, and how they can contribute to its 
accomplishment. If possible, set a specific saifety 
target and devise a method of graphically show- 
ing progress i-^w^rc it. 

Good safety t 3 don't just happen. They 
must be well pres jn. :d and if you work at them 
by preparing, pinpointing, personalizing, pre- 
senting, and prescribing, they wil\ work for you. 

TRAINING TIPS 

When it comes to training or retraining your 
men in safe practices, you may get discouraged 
with the slow progress you make with some of 
your men. But you should bear in mind that 
education is a slow process, adult education 
is even slower and adult re-education is slowest 
of all. A good part of safety instuction may 
consist of eradicating bad habits that men have 
acqui?'ed on previous jobs. And this is much 
tougher than trying to get a man to form a new 



habit. Here are some pointers that may make 
your safety training job easier: 

Use words that mean the same to your sub- 
ordinates as they do to you» Speak in shoil sen- 
tences and pause between sentences to give your 
subordinates time to absorb what you are saying. 

Tell the man exactly what he is doing wrong. 
Are his motions incorrect? Is his timing wrong? 
Is he skipping some vital step? In your instruc- 
tion, emphasiiie what to do ratlier than what 
uot to do. As your men offer tlieir own suggestions 
for making the shop a safer place to work in, 
let them participate when possible, in making 
decisions about safety practices and procedures. 
This will help them to become mox'e safety- 
minded and will increase their adherence to safety 
rules. 

Try to make safety regulations as specific 
as possible. General rules that apply in some 
cases end not in others may cause confusion. 
The majority of men like rules that spell out 
clearly v^hat they should or sliould not do in 
certain situations. 



TOOLS AND AIACHINERY 

As a supervisor, you must be safety conscious 
when observing, correctii.^, and training opera- 
tors of tools and machinery. Neither you nor they 
can afford to treat safety with indifference. A 
disability check is poor compensation for the 
loss of an eye or a limb. 

HANDTOOLS 

Be sure that all tools conform "-.o Navy 
standa^ '^s of quality and type. Use each tool 
only for the purpose intended. All tools in active 
use should be maintained in good repair and all 
damaged or nonworking tools should be returned 
to the toolkeeper. Do not leave tools on floors, 
platforms, ladders, or on shelves above moving 
machinery. Keep tools and hands free of grease, 
and clearn tools with an approved solvent. Tools 
and other materials shall not be throvn or 
dropped down to personnel working on another 
level. They are to be raised or lowered hy 
means of handlines or canvas toolbags or buckets. 
Men should stand clear when tools and othor 
materials are bring raised or lowered. 

Care must be taken when selecting pliers, 
side cutters, or diagonal cutters. Pliers or 
cutters should never be used on nuts or pipe- 
fittings. Teach your men to always hold the 
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pliers or cutters so that the fingers are not 
wrapped around the handle iu such a way that 
they can be pinched or jamned if the tool slips. 
When cutting short pieces, take care that parts 
of the work do not fly and cause injury. 

Tools having plastic or wooden handles that 
are cracked, chipped, splintered, or broken 
may result in injuries to personnel from outs, 
bruises, particles striking the eye, etc. Such 
tools should be condemtied, replaced, or, if 
at all • possible, repaired, before they cause 
accidents. NEVER PUT EXTENSIONS ON TOOL 
HANDLES TO INCREASE LEVERAGE. 

When selecting a screwdriver for electrical 
work, be sure that it has a nonconducting handle. 
The screwdriver selected should be of the pro- 
per size to fit the screw and should never bo 
used as a substitute for a punch or a chiseL 
The blades of screwdrivers can be kept in 
proper shape with a file or a grinding wheel. 

Use wrenches only if they are right for the 
job and only if they are in good condition. An 
adjustable wrench should be faced so that the 
movable jaw is located forward in the direction 
in which the handle is to be turned. 

Greai^e mast be handled carefully and used 
only lo\ the puipose intended. Serious injury 
has resulted when grease has been shot out 
of a grease gun in horseplay; NEVER point 
the gun toward another person. 

PORTABLE POWER TOOLS 

Make sure your men read carefully the 
operating instructions for tools, learning their 
applications, limitations, and potential hazards. 
Keep the tools sharp and clean for best and 
safest performance. Follow instructions for 
lubricating and for changing accessories, such 
as blades, bits, and cutters. Disconnect toc^ls 
from their power source before servicing them 
or changing accessories. I, 

An electric power tool equipped with a 3- 
prong plug must be connected to a 3.-hole re- 
ceptacle; the grounding prong is never removed. 
Ground all your electrical tools unless they 
are double insulated. Never carry a tool by 
its cord or yank the cord to disconnect the 
tool from a receptacle. Keep the cord away 
from heat sources, oil, and sharp edges. Don*t 
carry a plugged-in tool with a finger on its 
switch. Also donU operate electric-powered tools 
in damp or wet locations. 

Keep work areas well lighted and clean; 
cluttered benches invite accidents. Disconnect 



and store tools that are not in use. Keep visitors 
a safe distance from work areas. 

Form a habit of checking to see that chuck 
keys and adjusting wrenches are removed fiom 
tools before they are turned on. Keep guards in 
place and in working order. Don't, force a small 
tool or attachment to do the work of a heavy- 
duty tool; you will do better work safely with 
proper tools. Use clamps or a vise to hold your 
work. This is safer tlian using your hand, and 
frees both hands to operate the tool. Keep pro- 
per footing and balance at all times; donH over- 
reach. 

Wear proper working attire; jewelry, ties, 
and loose-fitting clothes get caught in moving 
parts. Use safety glasses or goggles when grind- 
ing or in danger of being struck by a flying 
object. Also wear a face mask if the work is 
dusty. 

SHOP MACHINERY 

In your work as an Instrumentman you may 
be required to use shop machinery such as a 
power grinder or a drill press. In addition 
to the general precautions on the use of tools, 
there are several other precautioi.^; which should 
be observed when you work with machinery or 
assign men to operate it. The more important 
ones are: 

Never operate mechanical or powered equip- 
ment unless you are thoroughly familiar with 
its controls. Wnen in doubt, consult the ap- 
propriate Instruction or ask someone who knows. 

Always make sure that everyone is clear 
before starting or operating mechanical equip- 
ment. 

Never try to clear jammed machinery with- 
out first cutting off the source of power. 

When hoisting heavy machinery (or equip- 
ment) by a chain fall, always keep everyone 
clear, and guide the hoist with lines attached 
to the equipment. 

Never plug in portable electric machinery 
without ensuring that the power supply is the 
same as called for on the nameplate of the 
machine. 

Drills must be straight, undamaged, and 
properly sharpened. Tighten the drill securely 
in the chuck using the key provided; never 
secure it with pliers or with a wrench. It is 
important that the drill be set straight and 
true in the chuck. The work should be firmly 
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clamped and, if of metal, a center punch should 
te used to score the material tefore drilling 
is started. 

Be sure that power cords do not come in 
contact with sharp objects. The cords should 
not be allowed to kinl<, nor should they be 
allowed to come in contact with oil, grease, 
hot surfaces, or chemicals. When cords ai^e 
damaged, they should be replaced instead of 
bCing patched with tape. 

OFFICE iMACHPNES 

Sufficient attention is not always given to 
the dangers of low voltage electricity in offices. 
Among the more common electrical hazards 
found in offices are: (1) Office machines, light- 
ing fixtures, and appliances not properly grounded, 
(2) Defective electric cords, lighting fixtures, 
appliances, and switches, (3) Unauthorized and 
improperly supervised electrical connections and 
repairs, and (4) Loose outlet plates which may 
result in short circuits and cause shocks through 
contact with them. 

Before reparing office machines, be sure 
they are properly located and not in danger of 
falling while in use. Never clean, oil, or adjust 
electrical appliances when they are in operation. 
W^en cleaning appliances which are co. strolled 
by a switch on the machine, be sure the switch 
is turned off and the plug pulled. Protection 
should be provided against moving parts on 
addressograph, mimeograph, calculators, adding 
machines, and other types of power-driven ma- 
chines. 

Be sure tha,t all electrical equipment is 
grounded. 



WORK IN CONFINED SPACES 

A closed compartment or poorly ventilated 
space is any space not well ventilated or that 
has been closed for an appreciable length of 
time, or is normally occupied or regularly 
used but has been vacated and sealed because 
of damage or other reason. Examples of such 
spaces are unventilated storerooms, blisters, 
double bottom tanks, cofferdams, pontoons, voids, 
.idle furnaces, and cold boilers. 

No person shall enter any closed compartment 
or poorly ventilated space in any naval unit 
unless aid until a gas-free certificate has been 
Q issued by the safety engineer or his authorized 
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representative to certify that the danger of 
poisoning or suffocation of personnel, or the 
danger of ignition or explosion of flammable 
gases has been eliminated or reduced to the 
lowest practical minimum. 

In case of emergency, it ^nay be necessary 
to send a man into a compartment or tank not 
certified as being gas-free or as containing 
sufficient oxygen. This man shall be equipped 
with an air line mask or an onygen rescue Dreath- 
ing apparatus. A line shall be securely fastened 
to him, the line being helH by attendants out- 
side who shall be prepared to haul him out, 
if necessary, and insure that this line does 
not become fouled. When the air line mask ic- 
used, the hose shall be attached to a source 
of air fit for breathing (Not to an oxygen cy- 
linder), and a slight positive pressure shall 
be maintained in the hose and face piece. 

GAS-FREE ENGINEEP 

The gas-free engineer is qualified by train- 
ing and experience to analyze hazardous con- 
ditions, especially with respect to entry into 
closed compartments, and has been authorized 
to decide in specific instance which precau- 
tionary measures* shall be taken to safeguard 
personnel. He in turn may train and authorize 
competent persons to make preliminary in- 
spections, gas tests, etc. The gas-free engineer 
or his authorized representatives shall have 
authority to order men out of compartments 
or to suspend work whenever an unsafe con- 
dition is found to o^xist. However, he shall 
immediately notify the supervisor or other re- 
sponsible authority of any such cessation of 
work and of the reasons therefor. He remains 
on the scene of operations until normal or safe 
conditions are restored. When dictated by ur- 
gent service requirements, the authority of the 
gas-free engineer tnay be relaxed as neces- 
sary but only with the approval of the super- 
visor. Under such circumstances, and if it 
is practical to do so, the gas-free engineer 
shall be consulted as to the safest practical 
alternatives, and his recommendations shall be 
followed insofar as the circumstances permit. 

The gas-free engineer is responsible for 
posting, in a conspicuous location near the 
entrance to a closed compartment, a suitable 
label or tag describing the condition of the 
compartment. Every label, tag, or certificate 
issued by the gas-free engineer gives complete 
information regarding the compartment or space 
to which it applies, and the date and time it 
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was issued. If it shows a SAFE designation, 
it sh'uU also show the date and time after which 
the vsafe condition cannot be depended upon to 
exist and the safe notation will not be valid, 

HOT WORK 

Hot work is defined as work that involves 
welding flame cutting, the use of open- flame 
equipment, or any work involving heating metal 
to or above a red heat. Riveting and any cold 
work involving the probability of striking sparks 
shall be considered as hot work, except when, 
in the opinion of the gas-free tester, circum- 
stances do not necessitate such a classification. 
The precautions applicable to hot work shall 
apply to all other sou.^ces of flames, sparks, 
or intense heat, such as lighted cigaretts, open 
flame or electric cooking apparatus, 
nonexplosive-proof lights, electric motors, etc. 

No job involving hot work in the way of 
flam.iuible or explosive m^'.erials shall be under- 
taken until the gas-free engineer or his author- 
ized representative has (a) indicated which pre- 
cautionary measures are appropriate to maJ^e 
the space safe and (b) certified that applicable 
cUrections have been complied with so that men 
can work in the area without danger of poi- 
soning or suffocation, and that hot work can be 
undertaken without danger of fire or explosion, 

SAFETY NOTATIONS 

Your men are less likely to misunderstand 
or be confused by safety notations after learn- 
ing their definitions, limitations, and applications. 
These notations should be printed on colored 
tags, as indicated below. 

Not Safe For Men - Nor Safe For 
Hot Work (red tag) 

Workmen are in danger of poisoning due to 
hydrocarbon or other gases In excess of the 
limits of toxicity, either present or likely to 
be evolved under prevailing conditions; or they 
are in danger of suffocation due to a deficiency 
of oxygen; or in danger of fire or explosion 
in the presence of hot work because the sur- 
rounding spaces have not been protected as re- 
quired, concentrations of flammable vapors are 
within the limits of flammability, residues are 
likely to evolve dangerous amounts of flammable 
gases or vapors under the conditions prevailing, 
or flammrible or explosive materials are likely 
to be affected by the liot work. 



Safe For Men - Not Safe 
For Hot Work (^^ellow tag) 

HydrocarIX)n or other gases in excess of the 
limits of toxicity are NOT present and are NOT 
likely to be evolved by the entry of workmen 
or by prevailing atmospheric conditions and 
the oxygen content of the air is sufficient for 
the workmen. Workmen, however, are in danger 
oi fire or explosion in the presence of hot 
work because the surrounding spaces have not 
been protected as required, concentrations of 
flammable vapors are within the limits of flam- 
mability, residues are likely to evolve dangerous 
amounts of flammable gases or vapors under 
the conditions prevailing, or flammable or ex- 
plosive materials are likely to be affected by 
the hot work, 

Inertf - Not Safe For Men Inside - 
Safe or Men And Hot Work Outside 
(yel tag) 

A nonflammable (inert) gao n:!S been intro- 
duced into the space and it? concentration is 
such that the oxygen content in the space will 
NOT support combustion or life. Or adequate 
measures have been taken to isolate the space 
from occupied spaces and to insure that it 
will remain isolated until the inert gas is dis- 
posed of. 

Safe For Men - Safe For Hot Work 
(green tag) 

Toxic gases or vapors in excess of the limits 
of toxicity are NOT present anc are NOT likely 
to be evolved under ANY \VORK/NG CONDITION 
likely to prevail, and the oxygen content of the 
air is sufficient for workmen. Or flammable 
or explosive materials or vapors have been 
removed or adequately protected, and surround- 
ing spaces have been protected as required. 

AIR SAMPLING AND ANALYSIS 

The air in tanks which have been empty for 
a long time and the air in other closed or poorly 
ventilated spaces shall be tested for the presence 
of toxic or flammable concentrations of hydro- 
carbon or other vapors and for sufficiency of 
oxygen. Air conditions shall be checked with 
the flame safety lamp and the combustible gas 
or carbon monoxide gas indicator, or by chemi- 
cal analysis as frequently as circumstances 
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appear to require. A check shall be mude be- 
fore men enter if work has been suspended 
overnight or for any similar period. Persons 
entering spaces for gas tests should be equip- 
ped with air-line masks and lifelines tended 
by reliable men outside. If one or ore of the 
tests show any positive indication of the pre- 
sence of any flammable vapor, regardless of 
whether it is below, within, or above tlie ex- 
plosive range, the space shall be gas-freed 
and cleaned by the applicable procedures. 

There is satisfactory assurance of freedom 
from toxic concentration of flammable gases 
when (1) the space has been thoroughly ven- 
tilated (2) tests with the comixistible-gas in- 
dicators (and wiih the carton monoxide indi- 
cators when available) have given NO indication 
of the presence of combustible gases (if any gas 
is indicated by the instrument, even though l^elow 
the flammability limit, it is probable that the 
concentration is atove the toxicity limit) and 
(3) tests with the flame safety lamp have indicated 
no oxygen dificiency. 

These conditions do not positively assure 
freedom from toxic concentrations of nonflam- 
mable gases, such as carbon dioxide and nitor- 
gen, and of vapors. However, when the space 
has been thoroughly ventilated, and there is no 
oxygen deficiency as indicated by the flame 
safety lamp, workers in such atmospheres will 
receive warning of danger through such symptoms 
as labored breathing, excessive fatigue from 
slight exertion, dullness, etc., a considerable 
time before more serious reactions are ex- 
perienced. 

Flame Safety Lamp. ' 

In general, the flame safety lamp is used 
only to show whether or not there is enough 
oxygen to support life. The presence of other 
dangerous conditions, however, is indicated by 
the action of the flame, as follows: 

• Flame dies out — Deficiency of o^gen (less 
than 16 percent). 

• Flame goes out with slight "pop" — Explosive 
concentration of gas. 

• Flame flares up then goes out — Rich con- 
centration of exposive gas. 

• Flame flares up brightly— Lean concentration 
of explosive gas. 



ComlnistiiDle Gas Indicators 

The combustible gas indioutors can detect 
all mixtures of air or oxygen with combustible 
gases or vapors from fuel oils, gasoline, alcohol, 
acetone, and of illuminating or fuel gas, hy- 
drogen, and acetylene. They are sensitive in 
showing the presence of concentrations of these 
vapors or gases up to the lower explosive 
limit and give an accurate measurement of the 
percentage concentrations of the mixture if it 
is in or beyond the explosive range. They are 
NOT, however, sufficiently sensitive to mea- 
sure accurately the small concer.trations of 
flammable gases which can have an appreciably 
toxic effete when breathed for an extended period 
of time (8 hours or more), nor do they detect 
nonflammable gases which are toxic. If an ac- 
curate determination of the gas concentration 
is desired, chemical laboratory analyses of air 
samples are necessary. However, the safest 
procedure is to eliminate dangerous gases and 
vapors entirely, or to use air-line masks when 
working for extended periods in suspected at- 
mospheres. 

Carbon Monoxide Indicators 

Though more sensitive in detecting carbon 
monoxide than a combustible gas indicator, the 
carbon monoxide indicator is limited to the 
detection of this gas only. 

TOXIC GASES 

Breathing of the vapors from petroleum pro- 
ducts gives effects ranging from mijd exhiler- 
ation, through irritation of the eyes, severe* 
headacl'ie^hd^ complete intoxication, to uncon- 
sciousness and death. The effects become more 
pronounced as the percentage of concentration 
and time of exposure are increased* An added 
danger associated with breathing these vapors 
is the danger of accidents resulting from the 
dizziness induced by small concentrations not 
otherwise harmful. 

Carbon Monoxide 

Carbon monoxide may be present in com- 
partments painted with a lineseed oil base paint 
and sealed immediately thereafter. 

Hydrogen Sulfide 

Hydrogen sulfide and other toxic gases will 
be generated by mildewing or rotting foodstuffs 
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or other organic matter, such as cloth, leather, 
raid wood. Mildewing and rotting are accelerated 
when the space is warm and humid. 

Carbon Dioxide 

An excess of carbon dioxic'e (CO2) is fre- 
quently found in refrigerator spaces even though 
the spaces are undamaged and the foodstuffs 
are perfectly edible. This is due tc the lack of 
ventilation and the tendency of foods to abisorb 
oxygen slowly and give off CO2 • The concentrs.tion 
is rarely high enough to be dangerous unless a 
man stays in the space longer than a few minutes 
at a time, in which case he is liable to be 
overcome and eventually suffocated. 

Oxygen Deficiency 

Oxygen deficiency can be caused by the 
rusting of metal which has been cleaned to 
bare metal and then sealed. The mildewing 
and rotting of organic material in closed com- 
partments can also cause an oxygen deficiency. 

SUSPECTED COMPARTMENTS 

Every closed compartment or poorly ven- 
tilated space, and all tanks, shall be considered 
UNSAFE for hot work until the gas-free engi- 
neer has inspected the space and has indicated 
that adequate safety measures have been taken. 

Each space that accumulates hydrocarbon or 
other gases and is in contact with a space in 
or on which repairs Vt'IU be made (including 
spaces in contact ac the corners or in contact 
with the top or bottom) shall be inerted. Classify 
and label "INERTED— Not Safe for Men Inside- 
Safe for Men and Hot Work Outside." In the 
case of a minor repair, only those contacting 
spaces need be inerted which, in the judgment 
of the gas-free engineer, may possibly be af- 
fected by the hot work (^s when working on the 



boundary of a tank but very close to the bulk- 
head between it and another tank). Other con- 
tacting spaces need not be inerted for a minor 
repair. The possibility of regeneration of gas 
due to open pipes or other connecvion^ tDetween 
clean and dirty tanks should be recognized and 
guarded against. 

SAFETY PRECAUTIONS 

Smoking mjst not be permitted in confined 
spaces or areas. Matches, cigarette lighters, 
open flames, flashlights, ordinary electric light, 
or any sparking electric apparatus are not 
allowed in suspected compartments or near 
open hatches, doors, etc leading to them. Por- 
table lights used by cleaning parties must be 
of the steamtight globe type, with exposed metal 
parts being made of a nonsparking alloy or 
protected so as to prevent sparking. Suitable 
fire extinguishing apparatus must be provided 
in the vicinity of unsafe ccmpaftments or spaces. 



WORLD'S BEST PROTECTIVE DEVICE 

In setting forth these rules and regulations 
for safe practices, it is fully recognized that 
all possible hazardous conditions cannot be fore- 
seen and covered by adequate precautionary 
measures. Mental alertness and careful pro- 
cedures in handling equipment and performing 
work is required at all times by all men so 
that hazards may be detected and overcome 
before they lead to personnel injury, or damage 
to equipment. Remember 

THE WORLD'S BEST 

PROTECTIVE DEVICE 

IS A CAREFUL INDIVIDUAL. 
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CHAPTER 4 

MIRCS 



The increased complexity of ship systems 
(especially weapons, propulsion, and navigation) 
has made it necessary to improve the quality 
and accuracy of measui^ements. Problems existed 
in measurements because the measurements of 
ont activity did not agree with those of another 
activity even though identical itf^ms were being 
measured. In such cases, there was a tendency 
to ^ 'write off the discrepancies as variations in 
the measuring instrument, But, in fact, most 
of any discrepancy was due to the lack of 
standardized measurements. It was for the pur- 
pose of standardizing instrument measurements 
that the Navy Calibration Program was estab- 
lished. This program emphasizes the need for 
complete measurement standardization through- 
out the Navy. Ships and activities (which in the 
past have ignored this need because of economic 
considerations) must be able to see the program's 
technical and economic advantages. The program 
also sets up Mechanical Instrument Repair and 
Calibration Shops (MIRCS) to ensure continued 
accuracy .within design specifications of mea- 
suring equipment, thus ensuring greater relia- 
bility in everyday use. 

This chapter describes the structure of the 
Navy Calibration Program and points out the 
purpose, organization, components, and arrange- 
ments of MIRCS. Some of the descriptions given 
here are in general terms since shipboard 
equipment does vary from ship to ship, in 
spite of efforts -.^to use standard equipment, 
techniques, procedures, and policies. 



NAVr CALIBRATION 
PROGRAM 

The Navy Calibration Program is a program 
of standardization of equipment and instruments 
used in making measurements, and the methods 
and techniques used in conducting these mea- 
surements. The function of the calibration pro- 
gram is to ensure the maintenance of accuracy 



within designed limits of all testing and measur- 
ing systems employed in the Navy. The calibration 
program provides for periodic calibration of 
standards and test equipment. 

The Chief of Naval Material is the head of 
the Navy Calibration Program. Under the Chief 
of Naval Material each systems command (ord- 
nance, air, ships, and electronics) controls and 
directs the use of standards and standard cali- 
bration facilities under its control. The Metz^c- 
logy Engineering Center (MEC) provides the 
scientific and technical support for the Navy 
Calibration Program. 

TRACEABILITY OF 
STANDARDS 

The U.S. Department of Commerce, National 
Bureau of Standards (NBS) (fig. 4-1), located 
at Gaithersburg, Md, is the focal point in the 
Federal Government for maintaining and ad- 
vancing standards and technology for the physical 
and engineering sciences. NBS provides the 
common reference for Navy scientific measure- 
ments and certifies the standards used by the 
Na'/y Type I Standards Laboratories.- 

The Type I Standards Laboratories consist 
of two primary btandards laboratories which 
provide services within the Navy Calibration 
Program. They are the Western Primary Stand- 
ards Laboratory located at North Island Naval 
Air Station, Coronado, California and the Eastern 
Primary Standards Laboratory located in Wash- 
ington, D.C. The Type I Standairds Laboratories 
maintain and disseminate the most accurate 
units of measurements within the Navy Calibration 
Program. Type I laboratories (a) obtain cali- 
bration services from NBS and (b) provide 
calibration services to Type II aivd lower echelon 
calibration laboratories. The Type II laborator- 
ies are designed to furnish calibration services 
to lower echelon laboratories. 

Navy Calibration Laboratories (shore). Fleet 
Mechanical Calibration Laboratories (FMCL), 
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NATIONAL BUREAU 
OF 

STANDARDS 



TYPE 1 
WESTERN & EASTERN USA 
STANDARDS LABORATORIES 



TYPE n 
NAVY STANDARDS 
LABORATORIES 



REFERENCE 
STANDARDS 
LABORATORIES 



NAVY MECHANICAL 
CALIBRATION 
LABORATORIES 
(SHIPYARDS) 



MIRCS 
FLEET CALIBRATIONS 
LABORATORIES 



FLEET EQUIPMENT 
TO BE 
CALIBRATED 



Mechanical Standard Specialist. Upon transfer 
to 'a FBM tender, the Instrumentman or Optical- 
man should acquaint himself with the (shipboard) 
Tender Calibration Instructions, and the FBM 
Calibration Program Information Manual, OD 
30354. The Tender Calibration Instructions are 
written so as to establish firm guidelines for 
calibration laljoratories and supporting shops. 
The FBM Calibration Program Information Man- 
ual provides the necessary information for the 
operation of a FMCL within the Navy Calibration 
Program. 

STANDARDIZATION 

Calibration by definition is the process of 
comparing the readings of a test instrument 
against a known standard. One of the basic 
problems in calibration is to define **a known 
standard" and ensuring that the * 'known standard** 
of one activity is identical to the "known standard*^ 
of another activity. This standardization of cali- 
bration is one of the prime objectives of the 
calibration program. 

Standardization is basically achieved in two 
ways: standardization of equipment and standard- 
ization of procedures used to perform the cali- 
bration. 

Equipment Standardization 



Figure 4-1.— Fleet equipment 
ability chart. 



170:49(91C) 
accuracy trace- 



Equipment standardization is accomplished 
by comparing the standards of all activities to 
a common standard. The following example dem- 
onstrates how this is accomplished: 



and MIRCS comprise the next echelon of cali- 
bration services for fleet and shore units. 

Figure 4-2 is a tjqoical list of Type 1, ii, 
and shore calibration laboratories that furnish 
calibration services to MIRCS. 

Fleet Mechanical Calibration 
Laboratories 

FMCLs are installed on submarine tenders 
which provide services to Fleet Ballistic Mis- 
sile (FBMJ submarines. The primary difference 
between FMCLs and MIRCS is that FMCLs have 
dimensional and optical capabilities that are not 
available in MIRCS. 

The FMCLs on the FBM tenders are operated 
by IM or OM personnel v/ith (NEC) IM-1821, 



Deadweight testers used to calibrate shop 
standard gages require calibration every three 
years. When due for calibration, they are taken 
to the support laboratory (type II or type I) 
where they are calibrated against the standarus 
of that support laboratory, The support laboratory 
standards are traceable to a single standard 
at NBS. This standardiz at ion of equipment through 
traceability to a common standard ensures that 
all activities are performing identically. 

Procedural Standardization 



In order to ensure that calibrations performed 
by two different activities are idencical, the 
method used to perform the calibrations must 
be the same for all activities. The method used 
to calibrate a p'?.ce of equipmeat includes such 
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CODE 


LAB 


LOCATION 




CODE 


LAB 


LOCATION 


ti I ir 


T 
i 


1701 TJrA CXJ TMOT/^^M T\ 




SDP 


T 
I 


WSL NAS NO. ISLAND 




TT 
11 


P* T O TvT17'\X7TDO"DT 
^•1,^» iNUi Wi-'Ul'v 1 




AL/lr 


TT 
11 


XT A O A T A 1\/rT^T\A 

NAb ALAMEDA 




TT 


NAS NORFOLK 




OHA 


II 


NAD OAHU 


CUB 


CAL 


NWA CHA.RLESTON 




WPP 


TT 
J.1 




JFB 


CAL 


NAS JACKSONVILLE 




ACL 


CAL 


NAS ALAMEDA 


NXL 


CAL 


NAS NORFOLK 




AGL 


CAL 


NAS AGANA 


QPB 


CAI> 


NAS QUONSETT POINT 




AKL 


CAL 


NAS ATSUGI (COMFAIR WESPAC) 


RAL 


CAL 


ROTA SPAIN 




CPL 


CAL 


NAS CUBI POINT 


YVA 


CAL 


NMEF YORKTOWN 




SDB 


CAL 


NAS NORTH ISLAND 



Figure 4-2. — Type I, II, and calibration laboratories. 
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things as what standard to use, how to use it, 
under what conditions, number of test points, etc, 
The Metrology Engineering Center (MEG), 
Pomona has the responsibility of procedural 
standardisation within the calibration program. 
These procedures are then the standard method 
of performing a calibration. 

Instrument Standardization 

Standards > and measuring instruments must 
Ije calibrated often enough to ensure that they 
have not drifted beyond prescribed limits. When 
insiruments are not calibrated often enough, 
errors may be produced. These errors, if un- 
detected, may give a false impression that 
measurement standardization does exist. A CALI- 
BRATION PERIOD must established for each 
item. A calibration period or cycle isthedes- 
ignated length of time between calibrations of a 
particular piece of equipment. Such periods have 
Ijeen designated for all standards, associated 
instruments, and commercial measuring equip- 
ment within the Navy Calibration Program. New 
equipment is provided interim calibration periods 
until such time as a review of calibration data 
proves the need for changing these periods. 

Selection of Standards 

Normally, the standard to be used is speci- 
fied in the calibration procedure. Studies were 



made to determine which selection factors are 
most important to the proper operation of mea- 
surement systems. Brief technical details of prop- 
er instrument selection and operation are as 
follows. 



ACCURACY RATIOS. —It must be determined 
what accuracy is required for an intended mea- 
surement. It is desirable that maasuring systems 
in Calibration or testing work be 10 times 
(10-to-l ratio) as accurate as the tolerances 
or test specifications of the systems being mea- 
sured. For example, if a test is to be made on 
a piece of equipment whLch has an accuracy 
of i20%, the measuring system accuracy sho^^ld 
be within ^2%, Many limitations make it difficult 
to maintain a 10-to-l accuracy . ratio. Studies 
have shown that the lowe&t allowable accuracy 
ratio for most measurements in the calibration 
program is 4 to 1. This ratio provides mea- 
surements which are in error less than 3% of 
the time. In contrast, a 10-to-l ratio yields 
measurements which are in error only 0.8% 
of the time. 



After the measurement accuracy require- 
ments are determined, a measurement system 
must be 'selected which meets the requirements. 
Emphasis is placed on measurement system 
accuracy rather than on instrument accuracy. 
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Errors produced by temperature, humidity , grav- 
ity, atmospheric pressure, and auxiliary equip- 
ment may be overlooked in favor of the error 
of the standard or prime indicating instrument. 
In many cases, the errors contributed by en- 
vironmental conditions or auxiliary equipment 
far exceed that of the indicating instrument. Total 
system error is the sum of ail the errors of 
the parts that make up the system which con- 
tribute directly to the measurement. The selection 
of a system of determining measurement system 
errors should be consistent with the requirement 
for measurement accuracy so realistic ratios 
can occur. 

The accuracy value of each instx\iment or 
item of equipment should be applied carefully. 
Every instrument manufacturer normally states 
the rated accuracy of his equipment. The fine 
print should be considered I^efore accepting an 
accuracy rating at face value. 

There is a tendency to ovex^look the fixed value 
error of equipments whose accuracy ratings are 
given; for example, +1% or +1 scale division. 
At measurements on the low enc^ ot the scale, 
the error contributed by the +1 scale division 
far exceeds the 1% accuracy figtire. Again, the 
fine print needs to be read and thoroughly 
understood before equipment can be used for 
measurement. 

Measurement problems and errox^s arise ItO- 
cause of other frequently overlooked influencing 
factors, such as the following: 

1, Failure to account for eri^ors introduced 
by dynamic rather than static conditions 

2, Failure to consider proper instrument 
placement where head effects, hose length, etc, 
are critical 

3, Failure to consider environmental effects 

4, 'Failure to consider loading effects 

5, Failure to consider the human engineering 
aspects of instrumentation, such as the selection 
of equipvijeht whose complexities exceed the skill 
of into-idod operators. 

CALIBRATION OF MIRCS 
STANDARDS 

Various means are used by MIRCS in funding, 
recalling, and contacting for calibration support. 

In order to receive calibration support for 
standards, it is necessary. to (al request funds 
from the Type Commander, (b) request by official, 
message calibration services from the supporting 



laboratory for standards needing recalibration, 
and (c) make up a recalibration schedule (recall) 
with the help of the supporting laboratory, so as 
to minimize the delay in getting your standards 
lecalibrated and back in service. 

A typical list of those shop standards that 
require shore support calibration are shown in 
figux^e 4-3. Not all working standards used in 
MII^CS require shore support calibration. Using 
the particular shop standard x^equired for tlie 
instrument being calibrated, MIRCS personnel 
calibrate the working standEird. For example, 
using the water, oil, or bifluid deadweight tester 
to calibrate gages in the low pressure and/or 
hydraulic panels. 

CALIBRATION SERVICING 
LABELS AND TAGS 

Standards requii^e a sticker or equivalent 
certification, which shows the date and place 
of calibration, before they can be used to check 
operating instruments. Instruments calibrated 
by MIRCS require labels and tags as necessary 
to indicate the status of calibration or testing. 
In marking laljels and tags, MIRCS personnel 
should insert in the DATE and DUE columns 
the appropriate month, day, and year, such as 
Dec 8, 1972. The Metrology Engineering Center *s 
3-letter code designation of the servicing MIRCS 
is written or stamped on applicable labels and 
tags. The various labels and tags for calibration 
standards or test and measuringequipment within 
MIRCS are shown in figures 4-4A and 4-4B. 

Calibrated 

The CALIBRATED label is placed on each 
standard or test and measuring equipment that 
has beer checked against a standard of higher 
accuracy, using approved Navy calibration pro- 
cedures and checklists, and adjusted to meet 
(1) a predetermined specification (manufacturer 's 
tolerance, or other) or (2) a specified value 
of magnitude and uncertainty. This specuied 
value may be expressed for single-value instru- 
ments, such as standard cells, or for multi- 
value instruments, such as potentiometers. When 
an instrument is calibrated to meet a-predeter- 
mined specification, only the knowledge that:the 
instrument is within this specification is signi- 
ficant, and a black on white label is used. When 
an instrument is calibrated to meet an expressed 
value- of magnitude and uncertainty, the actual 
measured value and associated uncertainty are 
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DESCRIPTION 


CALIBRATION 
CYCLE (Months) 


CALIBRATION FACILITY 


Millivolt Box (Potentiometer) 


12 


Navy Cal. Fac, 


Temperature Bridge 


12 


Navy Cal. Fac. 


DC Resistance Box 


12 


Navy Cal, Fac, 


Platinum Resistance Thermometer 


6 


Navy Cal, Fac. 


Copper Resistance Thermometer 


6 


Navy Cal, Fac, 


Glass Thef inometer Set ASTM Precision 
(thermometers 62 to 70 F) 


36 


Navy Stds, Lab. Type II 


Dead Weight Tester (Oil) 


36 


Navy Cal, Fac, 


Dead Weight Tester (Bi-fluid) 


36 


Navy Cal, Fac, 


Dead Weight Tester (Water) 


36 


Navy Cal. Fac, 


Tachometer Calibrator 


36 


Navy Cal, Fac. 


Vacuum Gage i to 100 microns HO 


18 


Navy Cal. ^ac. 


Glass Thermometer Set ASTM Precision 
(thermometers 62 to 70 C) 


36 


^ Navy Stds. Lab, Type II 


Torque Wrench Testers {ALL) 


6 


Navy Cal, Fac, 


Dead Weight Tester (Pneumatic) 


36 


Navy CaL Fac. 


Aneroid Barometer 


18 


Navy Cal. Fac. 
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Figure 4-3.~MIRCS test equipment requiring shore support for follow up calibration. 
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CALIBRATED 



CALiBRATtON 
PROGRAM 

DATE. 

DUE 




CALIBRATED 



CALIBRATION 
PROGRAM 

DATE 

DUE ^ 





CALIBRATION 

VOID IF 
SEAL BROKEN 



JALIBRATEO 



CALlBHATIQK 
fflOGRAM 



DATE- 
DUE— 



CALIBRATED 

Inavy^^^ multiple interval 

PARTIAL 
DLIl^ DATE 



CALIBRATION 
PROGRAM 
COMPLETE 



DUE. 
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Figure 4-4A. — Labels. 
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Figure 4-4B,— 

reported, a red on white latel is used, and a 
Heport of Calibration is provided with the instru- 
ment. 

Special Calibration 

On occasion, specific user requirements do 
not involve the full instrument capability. In such 
instances a calibration is not perforjned over the 
entire range of the instrument. Only the needed 
quantities and ranges are calibrated. A SPECIAL 
CALIBRATION label (black and 'yellow) is used 
to draw attention to the special conditions under 
which the instrument is calibrated. In addition 
to the label, a special calibration tag is attached 
to the instrument. This tag- is filled in by the 
servicing activity to adequately describe the 
conditions which are to be observed in the use 
of the instrument. The label and tag remain on 
the instrument until the next calibration. {They 
replace the former Limited Use label ^and tag.) 



173.6 

and Tags. 



The 3-inch by 2-inch special calibration label 
may lye used alone in lieu of the label and tag 
combination when space is available on the 
instrument and reasons for special calibration 
can be shown on the \si\ye\ itself. 

Calibration Not Required- 

Not Used for Quantitative Measurement 

Some instruments normally fall within the 
category of equipment requiring calibration, but 
are not used for quantitative measurements for 
various reasons. With several like instruments, 
for example, only one or two are calibrated and 
used for quantitative measurements; the others 
are used as indicators only* Also, some instru- 
ments do !iot require calibration because they 
receive an operational check each time they are 
used, or malfunctions and/or loss of accuracy 
are readily apparent during their normal use. 
These instruments comprise components, such 
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as amplifiers, junction boxes, line transformers 
and line regulators. A label (orange on white) 
indicating that calibration is not required be- 
cause the instrument is not used for quantitative 
measurements is placed on the instrument. 

Calibrated-Multiple Interval 

Some instruments comprise components that 
require different calibration intervals. For ex- 
ample, the frequency section of a signal generator 
requires calibration every four months whereas 
tlie attenuator requires calibration every twelve 
months. In such cases, calibration man-hours 
can lie saved by the use of the Calibrated- 
Multiple Interval label (black on white). 

Calil)rated-In-Place 

The CALIBRATED-IN-PLACE label is used 
by on-site calibration teams to identify items, 
sucli- as liquidometer indicators, that are cali- 
brated in place and should not be forwarded to 
the calibration laboratory. These labels (blue 
on white) alert the ships ^ forces that the items 
should not be off-loaded when ships come into 
port. 

Calibration Void If 
Seal Broken 

This label (black on white) is used to prevent 
tampering with certain adjustments which would 
affect the calibration. 

Rejected 

If an instrument fails to meet the acceptance 
criteria during calibration and cannot be ade- 
quately serviced, a REJECTED label (black on 
red) is placed on the instrument and all other 
servicing labels are removed. In addition to the 
REJECTED label, a REJECTED tag is placed 
on the^ instrument. The tag is filled in by the 
servicing activity giving the reason for re- 
jection and other information as required. The 
rejected label and tag remain on the instrument 
until it is repaired and reserv^ced. The instru- 
ment is not to be used while bearing a rejected 
label. 

Inactive 

• The INACTIVE label is placed on an instru- 
ment of the type which normally requires cali- 
bration and is found to have no foreseeable 



usage requirements. The inactive label remains 
on the instrument until it is reserviced. The 
instrument is not to be used while bearing the 
inactive label. 

MIRCS LABELS 

Labels printed or procured locally are to be 
used on gages, tachometers, and otlier normal 
work instruments, such as the ones used on 
engines, boilers, and systems not used to test 
or calibrate other instruments. The labels may 
be printed using the MIRCS three letter code, 
with date, and date due, as shown in figure 4-5. 

PREPARATION FOR SHIPMENT 

Before standards are shipped to a higher 
echelon calibration facility, MIRCS personnel 
are to ensure that standards are clean and in 
good operating order. Deadweight tester pumps 
are to be cleaned, seals replaced, and pumps 
refilled with clean fluid. Equipment and standards 
that need repair are to be repaired by a local 
shop or retui^ned to manufacturer before being 
sent out for calibration. Operation and technical 
manuals for the equipment are to be sent with 
the equipment when requested by the receiving 
facility. It is the Instrunr^entman's responsibility 
to see that operation and techiiical manuals are 
on hand for each item within MIRCS. 

Packing and Shipping- 
All instruments and equipment to be shipped 
must be properly packed and suitably protected 
in accordance with the degree of protection 
required. Generally, the packing is done by the 
Supply Department for your activity. 

The packing must provide suitable protection 
against mechanical shock and vibration, heat, 
moisture, breakage and must be appropriate 
for the type of transportation involved. All 



VUR 
date, 
due 
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Figure 4-5. — MIRCS label USS Vulcan (AR-5). 
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containers are marked FRAGILE, GLASS, HAN- 
DLE WITH CARE, etc, in accordance with MIL- 
STD-I29a (latest revision). Marking for Ship- 
ment. 

You must furnish the Supply Department with 
a complete list of the contents of the box and 
retain a copy of the list for shop records. 
The- list should include manufacturer, model 
number, serial number, a description of the 
services desired, and speci'^.l instructions, if 
any. 

M'^thods of Shipment 

In order of increasing severity of environ- 
mental effects, the availai:)le methods of ship- 
ment are: 

1. Hand carrying 

2. Air express 

3. Air freight 

4. Truck 

5. Railway express 

6. Railway freight 

These methods are used by the Supply De- 
partment in shipping instruments and other ma- 
terial. Hand carrying is the only method of 
shipment that directly involves MIRCS person- 
nel. 

Hand carrying implies that the instrument 
will be literally held by a person throughout 
the trip in which case, mostof or all the packing 
is omitted. But if the instrument in"* placed in 
a truck or on the floor or seat of an automobile 
or other conveyance, it should be packed to 
provide suitable protection. 

CALIBRATION CHECKLIST 

Calibration checklists are used in all cali- 
brations performed by the laboratories parti- 
cipating in the calibration program. A checklist 
accompanies each MIRCS standard that is re- 
ceived from a higher echelon laboratory. Each 
working standard calibrated by MIRCS person- 
nel has a properly filled out calibration check- 
list that provides for the recording of all in- 
formation used in calibration of the standard. 
The checklist is filled out by the person per- 
forming the calibration. He should refer to 
the current instructions for his shop in filling 
out the calibration checklist. Figure. 4-6 is a 
^ sample calibration checklist. 

ERIC 



WORKCENTER LOCATION AND 
ARRANGEME^JT 

MIRCS workcenlers vary as to location, siz.e, 
and arrangement, depending upon which type of 
ship the workcenter is installed. Figure 4-7 
is a diagram of a typical MIRCS on a repair 
ship (AR). 

OFFICE AND WORK 
CONTROL AREA 

This area should be one of the main concerns 
of the Chief or First Clas-': in charge of MIRCS. 
It provides the space for filing, cataloging, and 
storing the many procedures, publications. Tech- 
nical Manuals, forms, records, and reports needed 
by a smooth operating workcenter. 

TOOL ISSUE AREA 

The tool issue area may be a separate 
tool issue room or be made up of centrally 
located lockers from which tools are issued. 
All tools in the workcenter should be cataloged, 
with location, amount, and to whom issued. 
The Chief or First Class in charge is accountable 
for these tools. He holds inventory periodically, 
and when relieving or being relieved of duty 
as the man in charge. Also, he keeps accurate 
records to account for all tools. 

CLEANING AND REPAIR 
AREA 

Two general cleaning areas are located in 
the shop: the gage cleaning area and the general 
repair area (fig. 4-7). The gage cleaning area 
has an assortment of evaporating porcelain dishes, 
a portable hot plate, a vacuum pump, a gage 
purging system, and a portable ultraviolet (long 
wave length) lamp used to detect grease (hydro- 
carbons) on parts and equipment to be cleaned 
or recleaned. The cleaning done in this area to 
remove hydrocarbons WILL NOT Ije acceptable 
as oxygen clean. Refer to the instruction book 
which comes with the equipment for best results 
in its usage. 

The general repair area has the ultrasonic 
cleaning system, a hot and cold water sink, 
tool cabinets and lockers, and miscellaneous 
equipment, such as a bench- mounted grinder 
and drill press. 

The ultrasonic cleaning system comprises 
three equal-sized units: ultrasonic washer, rinse 
unit, and hot air dryer. 



r 



Chapter 4~M1RCS 



HAVY CAIIBKAI ION CHECKllST 
1 IN0-BWR-5bl2/9 (5-62) 



1. CALIBRATING ACTIVITY 



2. SUBMITTING ACTIVITY 



3. TEST INSTRUMENT 

(.\ame of Item Cahbraledl 



4. MANUFACTURER 



5. MODEL NUMBER 

( Commtrcial or Military ) 



6, SERIAL NUMBER 



7. REASON rOR SUBMISSION 

CERTIFICATION /CALIBRATION 
CROSSCHECK 

FAILURE FROM DAMAGE OR ABUSE 
OPERATIONAL FAILURE 



8. DATE OF LAST SERVICING 

9. SERVICING CYCLE (MONTHS) 
CERTIFICATION /CALIBRATION 
CROSSCHECK 

10. CALIBRATION PROCEDURE 



1. CALIBRATION TECHNICIAN 



2. TEST DATE 



3. CONDITION RECEIVED 

WITHIN TOLERANCE y 

OUTSIDE TOLERANCE ^:?lttMARKS' I— 



4. CONDITION RETURNED 
WITHIN TOLERANCE 



OUTSID- TOLERANCE f^^^-^^^^K'^S' 



6. MAN-HOURS TO CALIBRATE 



7. MAN • HOURS TO REPAIR I 
(List Repairs in 'REMARKS' J 

8, SERVICING LABEL AFFIXED 
CERTIFICATION /CALIBRATION 
CROSSCHECK 

LIMITED USE 
REJECT 



f £jrp/ain Belou- 
in 'REMARKS'; 



5. CERTIFICATED OR REPORTED 
VALUE, IF FIXED STANDARD 



9, NEXT SERVICING DATE 

CERTIFICATION /CALIBRATION 
CROSSCHECK 



REMARKS 



REPLY TO REM, --S REQUESTED^ 



APPROVED 



LABORATORY SUPERVISOR 



NOTE; GENERAL INSTRUCTIONS FOR rOMPLETlNC THIS CHECKLIST ARE PROVlOEO fN BWEPSRFP POMOSA 4J5S.2 
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Figure 4-6A, — Front Navy calibration checklist. 
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MAVY CALIBRATION CHfCKLlSr 
I )ND-BWR-55l2/9 (5-62)(BACK) 



SECTION D 



TEST INST ( S): 



PROC. NO. 



MODEL 



SER.NO. 



PROCEDURE 
STEP 
NO, 
(1) 


FUNCTION TESTED 
(2) 


NOMINAL 

(3) 


MEASURED VALUES 


OUT 
O F 

roL 
(6) 


CALIBRATION TOLERANCES 
(.-) 


FIRST RUN 

(4) 


»ECON O RUN 

• (5) 
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Figure 4-6 B. — Back Novy calibration checklist. 
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WORKBENCH 



CLEANING 
BENCH 



Ng 
PUMP 



CLEAN CALfBRATiON ROOM 



GAGE 
CLEANING 
BENCH 



WORK 
BENCH 



WORK 9ENCK 



MASTER 6AUGE 
P&NEL 



MASTER GAUGE 
PANFL 



TACHOMETER 
CALlBRATfON 
AREA 



MASTER GJAGE PANEL 



tow PRESSURE AIR 
AND AUTOMATIC CONTROL 
CALIBRATION BE NC H 



3 2 



HVORAUtIC PRESSURE CALIBRATION BENCH 

'p-is-d Im'^stergauge panel 



HIGH 
TEMP 
BATH 



T—\tiO. 



MEDIUM 
TEMP. 
BATH 



I— INO 



WORK BENCH 



[ 



CLEANING TANK 



FLOW METER 
CALIBRATION ROOM 



TOOL ISSUE 
LOCKERS 



LOW 
TEMP. 
BATH 



TORQUE 
AREA 



BENCHES 



REFRIG- 
ERATOR 



TEMPERATURE ROOM 



WORK BENCHES 



ULTRASONIC 
CLEANER 
WaSHRfNSE DRV 



CLEANING AND REPAIR AR^^ 



Grinder drill 

PRESS 
WOhK BENCHES' sj^^K 



CABINET 



BOOKSHELVES 



OFFICE AND 
WORK CONTROL AREA 



LOCKER 



FILE CABIKETS 



LOW PRESSURE AtR SUPPLY ISO PSi MAX 



Figure 4-T» — A i epresentative 

Operating and cleaning procedures are de- 
scribed in the instruction manuals that accompany 
the equipment. In general, parts to be cleaned 
are distributed evenly over the bottom of a steel- 
meshed parts basket whicft is then slowly lowered 
until all parts are completely immersed in the 
cleaning solution. The length of time that a loaded 
bastet remains in the washer varies* according 
to the degree of soiling, position and number 
of parts, and type of detergent used. If more 
cleaning is necessary, the parts are sprayed 
and brushed. When the parts are clean, the 
basket is removed slowly so as to enable trapped 
liquid from the parts to be shaken off and drained. 
The washer lid is then closed to minimize eva- 
poration and the basket of parts is transferred 
to the rinse unit. The rinse unit is an auto- 
matically controlled water pressure spraying 
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general arrangement for MIRCS, 91.559 

system. After the parts have been thoroughly 
rinsed, water is shaken off the parts or blown 
off with low pressure dry air; then the parts 
are moved to the electrically heated dryer. 
It takes at least three minutes to dry the p£u:ts 
properly. 

The cleaning solution for an ultrasonic washer 
consists of a mixture of 1 quart of a hard water 
dishwashing machine compound, 2 pounds of a 
non-ionic liquid detergent, and 20 gallons of hot 
water. 

Maintenance 

The tank must be cleaned periodically be- 
cause residue is left by the cleaned parts. 
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The filter pump motor is provided vvith an 
•automatic reset thermal overload. During oper- 
ation, if the recirculating motor shuts down, 
restart the system by resetting the overload 
switch. If it stops again, call 'an Electrician's 
Mate to determine tiie cause. Do not continue 
to engage the overload switch. 

The filter pump motor seal is a cartridge 
type seal that can ^x? removed and rei:)laced 
as a unit. 

The filter pump controls the recii^culation 
action of the cleaning solution through the filter 
element. It does not operate during the period 
of ultrasonic energy activation. The filter in 
the recirculating system can be rejjlaced without 
draining the system. 

A high line voltage will shut down the generator 
of the ultrasonic cleaner, as will the thermostat 
control. First, check the fuse at the rear of the 
generator if the generator system shuts down. 
If the fuse is good, then the trouble is probably 
in the washer. 

TACHOMETER CALIBRATION 
AREA 

This area has a self-contained bench-mounted 
tachometer calibrator for use with mechanical 
and electrical tachometers. It can test ttoee 
instruments simultaneously, within specified 
speed ranges, through the use of flexible shafts, 
tachometer generators or magnetos, and adapters. 
Minimum speed can be obtained using a stepdown 
device with a 5-to-l ratio; maximum speed by 
using a step-up device having a l-to-2 ratio. 

A stroboscope disc is provided to indicate 
motor output, speed, expressed in revolutions 
per minute (rpm) for accui'ate calibration. A 
master tachometer indicator enables the opera- 
tor to check the stroboscope disc speed to 
prevent reading errors. 

The range of . the tachometer calibrate/ is 
36 rpm to 10,000 rpm; calibration increments 
are in multiples of 50, 100, 200, and 400 rpm, 
depending on the output drive in use. 

The accuracy of the indication of the stro- 
boscopic disc is +0.1% of the indicated readinp 
only if line frequency is accurate within O.i. 
The master tachometer indicator is accurate 
to within +1% of .the full scale in use. 

Have the tachometer calibrator checked on 
a 36-month cycle at a Fleet Electronics Cali- 
bration Laboratory (FECL) or higher standa^^; 
laboratory. 

For further information, refer to the manu- 
facturer's technical manual. Always follow the 



maintenance instructions. Instrumentman 3 & 2, 
NAVPERS 10193-C, Chapter 8, covers operation, 
maintenance', and use of the tachometer calibrator 
and tachometers. 

TORQUE AREA 

The torque area is equipped with two dual- 
range torque wrench testers and one single- 
range tester. One of the dual-range testers 
has rang-es from 0 t-^ 100 oz in. and 0 to 500 
oz in., graduated in 0.5 oz in. increments. The 
other' dual-range torque tester has ranges from 
0 to 250 lb in. and 0 to 2000 lb in., graduated 
in 0.25 lb in. increments. The single -range 
torque tester has a range of 0 to 1,000 lb ft 
graduated in increments of 1 lb ft. The limit 
of error for each of the three torque testers 
is +1% or one scale graduation, whichever is 
greater for the indicated value. 

The required calibration cycle for the torque 
testers is 6 months. The torque testers may be 
calibrated at Navy calibration facilities thr t have 
the required equipment. Calibration of the torque 
testers may be accomplished in MIRCS if the 
appropriate torque calibrator is availabl-o. Npr- 
mally, this calibrator will be available and may 
]ye borrowed from other Navy Cfilibration facili- 
ties. 

LOW PRESSURE 
CALIBRATION AREA 

The low pressure calibration system, figure 
4-8, consists of a multigage panel, containing 
dial manometers, vacuum gages, and other low 
pressure gages. In addition to the panel, the area 
contains U-tube manometers, a vacuum chamber, 
and various other portable low pressure instru- 
ments. The system is used to test and calibrate 
gages having ranges from 30.0 inches of mercury 
vacuum (0 absolute) to 200 psig. 

The? gage panel uses shipboard low pressure 
air ar'^ nitrogen as test media. A vacuum pump 
is connected into the system to produce desired 
vacuum. 

The U-tube manometers, filled with either 
mercury or colored distilled water, are used to 
measure vacuum, differential pressures, absolute 
pressures and positive pressures. 

The master gages in the low pressure panel 
have a calibration cycle of 6 mentis, using the 
appropriate shop standard. 
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Figure 4-8. — Low pressure air and automatic control gage calibration system. 
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Nature of Atmospheric Pressure 

The standard atmospheric pressure is actually 
an a'/erage value above absolute zero, measured 
at sea level. It is based upon many readings 
taken under general conditions at various lo- 
cations. Changes in atmospheric conditions, even 
at sea level, will vary the exact value of atmos- 
pheric pressure. Figure 4-9 gives the average 
atmospheric pressures at various altitudes; ob- 
serve that by 3,000 feet it is down to 13.178 
psia and by 10,000 feet it is down to 10.108 
psia. 

The torr (named in honor of Evangelista 
Torricelli, who devised the first barometer, 
figiu^e 4-10) has recently been designated as the 
standard unit of measure of vacuum. The torr 
is defined as 1/760 of a standard atmosphere. 
Since a standard atmosphere is not quite 760 
mm Hg, 02ie torr is not exactly equal to one 
millimeter of mercury, but the difference is 
so small (parts per million) that the terms 
can be used interchangeably. Another commonly 



ABSOLUTE 
PRESSURE 

20 PSIA 



14.7 PSIA 

14,0 PSIA 



JO- PSIA- 



5 PSIA- 



ABSOLUTE ZERO 



GAGE 
PRESSURE 



5.3PSIG>6^PSIG 



ATMOSPHERIC 
PRESSURE 
VARIATION 
(GAGE ZERO) 



Figure 4-9.— Effect of atmospheric pressure 

change on gage zero. 91'.561 



used term in vacuum measurements is the 
micron (/j), which is equal to 10"^ torr or 10"'*^ 
mm Hg, 

Consider now exactly h'^w any change in atmos- 
pheric pressui^e affects a gage pressure mea- 
surement or a vacuum gage measurement. , Re- 
ferring to figiu'e 4-il, an absolute pressux^e 
value of 20 psia (point *'A''), would be equivalent 
to a pressure of 5.3 psig when the atmospheric 
pressure is the standard 14.7 psia. If the baro- 
metric pressure dropped to 14.0 psia,theequiv- 
alent gage pressuT-e would be 6,0 psig. 

A gage measuring gage pressure would change 
its reading by 0.7 psi. Where an exact measure 
of the pressure in a vessel is desired, tliis 
could be an intolerable error. Either use an 
absolute pressure gage which automatically com- 
pensates for changes in atmospheric pressure," 
or obtain an exact reading of the barometric 
pressure and correct your gage pressure me.'f- 
surement, subtracting the 0.7 psi from the 
indicated 6.0 psig when the barometer reads 
14.0 psia. 

, On the otherhand, in an application where the 
pressure is in the order of 3,000 psig, the 0.^ psi 
error referred to above is obviously of no 
importance. Even the finest and most accurate 
gages do not measure so accurately that 0.7 
psi in 3,000 is significant. It is not until the 
measured ^jressures get below 100 or 200 psi 
(depending on the accuracy of the reading) that 
the effect? of changes in atmospheric pressure 
need be considered. Even then it is the unusual' 
case* that, such changes need be taken into con- 
sideration. The majority of gages measure gage 
pressure or vacuum, and compensation for 
changes in atmospheric pressure is not "made. 

Figure 4-12 shows the relation between gage 
or vacuum readings and the corresponding value 
of absolute pressure. Essentially, a gage pressure 
can \^ converted to absolute pressure by adding 
the value of atmospheric pres^ui^e (in the same 
units, such as ''pounds per square inch''). The 
50 pounds per square inch gage pressure, as 
shown, corresponds to 64.7 pounds per square 
inch absolute, assuming a standard atmosphere. 

Similarly, vacuum readings can be converted 
to absolute pressure by subtracting the vacuum 
reading from the atmospheric pressure. For 
example, suppose the vacuum gage reads 10 
inches pf mercury vacuum. Subtract it from 
the atmospheric pressure to convert to absolute 
pressure (assume the latter is the standard 
29.92 inches of mercury absolute). A value of 
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Altitude Above Average Atmospheric Pressure 

ea Level - Feet Inches of Mercury (abs.) Pounds per Square Inch (abs.) 



\ 



0 


20.921 


14. 696 




23.400 


14.440 


i, 000 


28. 879 


14. 184 


L 500 


28. 357 


13.928 


2 OOO 


27.836 


13.672 


2. :300 


27.315 


13.416 


3. 000 


2'?. 831 


13. 178 


3. 500 


26.348 • 


12.941 




25. 864 


12.703 


4. 500 


25. 381 


12.466 


5. 000 


• 24.897 


12.228 


5, 500 


24. 449 


12.008 


6. 000 


24.001 


11.788 


6. 500 


23.552 


11. 568 


7. 000 


23.104 


11.348 


7. 500 


22.656 


•11. 128 


8. 000 


22.241 


10.924 


8. 500 


21. 826 


10.720 


9. ^00 


21.411 


10. 516 


9. noo 


20. 996 


10. 312 


10. 000 


20. 581 


10. 108 


10. 500 


20. 197 


9. 9200 


11,000 


19. 814 


9. 7318 


11. 500 


19. 430 


9. 5432 


12. OQO 


19.047 


9. 3551 


12. 500 


18. .663 


9. 1665 


13. 000 


18. 309 


8.9926 


13. 500 


17.955 


8. 8188 


14. 000 


17. noi 


8. 6449 


14. 500 


17. 


8. 4710 


15. 000 


16.893 


8. 2972 


15. 500 


16.567 


8. 1370 


16.000 


16.241 


7.9769 


16. 500 


15.914 


7. 8163 


17. 000 


15. 588 


7. 6562 


17. 500 


15.?^.^ 


. 7.4961 


- IS. 000 


14. :?l)2 


7.3487 


U . 500 


14.062 


7.2014 


10, OuC 


14. 361 


7.0535 


'-9, 500 


M.061 


6.9062 


20. 000 


13.761 


6. 7589 



91,562 

Figure 4-iC.— Average atmospheric pressures at various altitudes. 



19.9 inches mercury absolute would be obtained. 
These two equivalent pressures are shown as 
point '*A" in figure 4-12, 

Differential pressure is also illustrated in 
figure 4-12, Gages are avail, ble to mea^ re and 
indicate the difference between two measured 
pressures, such as ''B*' (10 psig) and **C'* 
(40 psig). The differential pressure gage indicates 
the difference an this case 30 psi) on a scale 
that would read *'zero" when the pressures 
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are equal — regardless of their individual values. 
The zero point may*be in che center of the scale 
to permit readings in one direction or the oth'^r, 
depending upon which pressure is greater. If ^ne 
of the two pressures is always the greater of 
the two, the zero point may be at the beginning 
of the scale. Because such gages read the dif- 
ference between two pressures, the distinction 
between gage or absolute pressure does not 
matter; variations in atmospheric prt^ssure do 
not affect the readings, because both are £ 'milarly 
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"TDRRICEaiAN 
' ^ ^VACUUM" 



MERCURY ' 



ATM 
PRESS 



MENISCUS 



29.92 IN. 



-—-MERCURY. 



69.86 

Figure 4-11, — First barometer devised by 
Evangelista Torricelli. 



affected. Actually, common pi^essure gages act 
as differential pressure gages by measuring the 
difference between atmospheric pressure and 
the pressure l^eing measured. 

Gages which measure absolute pressure are 
not affected by changes in atmospheric pressui*e; 
they measure the absolute value from an un- 
changing absolute zero. In the case of gage 
pressure or vacuum, however, the gage mea- 
sures the difference between the absolute value 
and attnospheric pi^essure. Hence, if the atmos- 
pheric pressure changes, readings of gage pres- 
sure or vacuum will change, for a given absolute 
pressure. 

The actual importance of changes in atmos- 
pheric pressure depends upon the required ac- 
curacy of ga;ge readings and the amount of the 
pressure whether it is low or high. 

MISCELLANEOUS TEST AND 
CALIBRATION AREA 

In the miscellaneous test and calibration area 
are located MIRCS primary or reference pres- 
sure standards^ such as deadweight piston gages 
(commonly known as deadweight testei's). 



GAGE 
PRESSURE 
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PRESSURE 



ATMOSPHERIC 
PRESSURE 
STAN DARDS 

14 
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1 HG ABS 



GAGEZErtO^ 
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'40PSIG*"C" 



30PSIG 
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NO PSIG 4 re 



VACUUM , ' 



0 PSIG 

10.IN.HG VAC 



20IN.HG VAC i\ 
■29.92 IN.HGVAC-i-0 PSIA- 
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29.92 IN.HG ABS 
'Vl9.92 IN.HG ABS 



ABSOLUTE 
PRESSURE 



-^—•ABSOLUTE 
ZERO 



ERIC 



Figure 4-12. — Comparison of gage and absolute pressure. 
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Primary Standards 

A primary standard must refer directly to 
mass^ (force), length, and time. Deadweight 
testers, with proper calibration, are considered 
primary standards. Since they meet the require- 
ments. The best bourdon tubes or diaphragm 
gages, however, are classified as secondary 
standards in that they do not refer directly to 
mass, length, and time. 

. ^Deadweight Testers 

There are several types of deadweight testers, 
The' types are determinedby whether the pressure 
medium is fluid or gas. The fluid type dead- 
weight testers use oil or water as the pressure 
medium; bifluid deadweight testers use oil and 
water. Pneumatic deadweight testers use a gas, 
usually pure nitrogen, as the pressure medium. 

Care arid Maintenance of 
Hydraulic Deadweight Testers 

Since the construction (Retails vary for each 
make tester, the manufacturers' catalog or the 
NavShips Technical Manual should be read for 
specific care and maintenance information. In 
addition, the following factors should be observed 
or considered: 

1* Handle the weights carefully and keep 
them in the case provided when they are not in 
use. 

2. Handle the piston and cylinder assemblies 
(very accurately fitted parts) carefully. If it is 
necessary to replace the piston or cylinder, 
the entire assembly must be replaced. It is 
impracticable to replace either the piston- or 
the cylinder separately. 

3. Do not operate the pump or ram without, 
fluid because it is required as a lubricant for 
component parts of the system. 

4. Flush the reservoir periodically and re- 
new the eper ating fluid . 

5. When operating with water, keep the sys- 
tem free of oil. Even a small amount of oil will 
develop a scum or emulsion on the deadweight 
piston and cause a sluggish rotation of the piston. 
If this occurs, remove the piston and cylinder. 
Wipe the piston with clean soft paper and work 
it in the cylinder several times; this will gen- 
erally clean off the scum or emulsion. Then 
replace the piston and cylinder in the tester. 

6. Replace defective or worn '*0" rings in 
«?ystem. The most common cause of leakage, 
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failure to pump, or. failure to hold pressure 
results from defective or worn rings* 

7. If the pump is dry or runs out of fluid, 
it may be necessary to prime the system and 
to vent all air. 

8. See that flexible connectors are in satis- 
factory condition and rated for the pressures 
at which they are used. 

Calibration of Deadweight Testers 

Deadweight testers are not readily calibrated 
aboard ship because extremely precise measure- 
ments are required. The units are sent to 
shipyard calibration laboratories or Navy stand- 
ards laboratories when calibration of testers is 
required. 

CALIBRATION TECHNIQUES. —When caU- 
br ating low pressure deadweight testers, a cali- 
bration laboratory determines mass of weights 
and pistons, measures the inside and outside 
diameters of the cylinders and pistons and com- 
putes, mean area. In calibrating a high pressure 
deadweight tester, the laboratory cross floats 
the tester against a standard tester. When the 
two testers are in equilibrium, the true pressure 
of the standard tester is the true pressure of 
the test instrument. If the mass of the weights 
for th6 test instrument are known, the effective 
cirea (A^) of the piston, of the test instrument 
at different cross float pressures is computed. 
The deformation coefficient of the test instru- 
ment's piston is computed by noting the change 
in- effective area (A^) at different cross float 
prjessures. 

REPORT OF GALIBRATION. — The cali- 
bration laboratory returns, the calibrated dead- 
weight tester with a report of calibration. See 
•appendix I which contains a sample report and 
a supplement to the report of calibration. The 
supplement points out errors in the use of the 
deadweight tester and explains to the operator 
how to apply proper corrections for the errors, 

HYDRAULIC CALIBRATION AREA 

The hydraulic pressure gagp calibration sys- 
tem, figure 4-13, is a multigage (water) panel 
with distinct low and high pressure sides. The 
\ low pressure side is capable of operating at 
pressures up to &,0G0 psi and the high pressure 
side is capable of opjratii::^; up to 10(000 psi. 
Seven master gages are used for testing or 
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Figure 4-13. — Hydraulic pressure gage calibration system. 
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calibrating hydraulic test instruments with low- 
side ranges of 0-100 psi, 0-200 psi, 0-600 
psi, 0-1,500 psi, 0-3,000 psi, and 0-5,000 psi, 
and a high-side range of 0-10,000 psi. 

The panel is generally operated by an air- 
Iriven, floor-mounted, hydraulic pump assembly 
:hat is capable of producing pressures to 10,000 
psi. 

The panel may be operated with a l:>ench- 
mounted hydraulic hand pump assembly that is 
capable of producing pressures of 0-15,000 psi. 
Either pum]b may Ije connected to the system 
with a high pressure flexible hose and quick- 
disconnect fittings. 

The master gages in ihe hydraulic panel 
have a calibration cycle of 6 months with shop 
standards (deadweight tester). The accuracy of 
the master gages is 0.1% of full scale reading. 

CLEAN CALIBRATION AREA . 

The clean room contains two multigage panels 
as shown in figure 4-14. Both use dry, water- 
pumped nitrogen as the calibration medium. The 
low and medium pressure panel is divided into 
a low pressure section and a medium pressure 
section. The low pressure section consists of 
three master gages, with ranges of 0-100 psi, 
a dual-range master gage of 0-400 inches of 
H2O and 0-15 psi, and a 0-120 inches of H2O 
gage. The medium pressure section has three 
master gages whose ranges are 0-200 
psi, 0-600 psi, and 0-1,000 psi. In the 
high pressure panel, the ranges of the master 
gages are 0-1,500 psi and 0-3,000- psi in one 
section, and 0-5,000 psi and 0-10,000 psi in 
the other section. 

The master gages in the panels have a 
calibration cycle of 6 months. The accuracy 
of the master gages is 0.1% of full scale reading. 

The following rules are to be strictly adhered 
to by those working in t le clean ^^oom: 

1. Ensure that all equipment, tools, and items 
to be calibrated are inspected for contamination 
and verified **clean'* before they are brought 
into the clean room. 

2. Tag or mark all completed work "clean*' 
'and seal open end of gages or equipment with 

poly-bag or caps. 

3. Keep all openings of test equipment sealed 
or covered, when not in use. 

4. Ensure that tools, workbenches, and hands 
are kept clean and free of hydrocarbons at all 
times. 

O 
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5. Use no oil or grease. 

6. Use no cutting tools, such as drills, files, 
saws, or abrasives. 

7. Do not smoke, eat, or drink. 

Due to current limitations in detecting or 
determining the amount of hydrocarbon present 
in or on '^clean" equipment, users of the cali- 
bration system for clean room gages must 
follow the current NAVSHIPS Instruction. 

Nitrogen Booster 

The nitrogen booster, figiu^e 4-15, is an 
air-driven nitrogen pump. Its purpose is to 
pressurize nitrogen gas up to 10,000 psi without 
contamination by hydrocarbons. The nitrogen 
supply to the booster consists of a bank of 
nitrogen bottles or another nitrogen source, 
charged with water-pumped nitrogen. The supply 
is connected to a manifold which has a line 
leading from it to the low and medium pressure 
gage panel and to the nitrogen booster pump. 
The booster pump requires at least 800 psig 
of nitrogen to operate. Air pressure to drive 
the pump must iDe at least 70 psig, but no 
greater than 120 psig. 

Figure 4-16 is a diagram of an air-driven 
nitrogen booster. The booster comprises an air- 
drive system and a nitrogen s;j stem. 

The air -drive system consists of the filter 
to remove impurities and moisture from the 
air, the regulator to control the speed of the 
pumping action, and the lubricator to keep the 
moving parts of the air system lubricated. In 
the pump, -a four-way valve controls the direc- 
tion of air flow in the air cylinder and, in tui^n, 
controls the direction of the air system. The 
air piston in the pump is double acting, but non- 
cushioned. The plunger (part of the nitrogen 
system) is connected to the lower end of the 
air piston. 

The nitrof^en system has a gas filter which 
contains woven scainless steel elements that 
are easily cleaned or replaced. They ai^e threaded 
assemblies and can be screwed in and out. 
There are two types of check valves used in 
the nitrogen system. Both types should be dis- 
assembled, inspected, and cleaned periodically. 
Any leakage of the check valves will cause a 
loss of output pressure. In the ball type check 
valve, the seat is removable for remachining 
or lapping if it leaks. The poppet type is spring 
loaded with a teflon "O" ring and gasket. If 
it leaks , replacement of the " r ing and 
gasket is necessary. The compressor stuffing 

77 



INSTIIUMENTMAK 1 & C 



0 -100 PSl 

O- 




OH 

ON "a" 
PSl I 

-pld 



TEST 

connect;on"a' 
(o-ioopsii 



TEST 
CONNECTION "b" 



VENT 



VENT 




VENT 



CONNECTION"D"t®^ 
(0-tOOO PSi 



VENT 



PANEL INPUT PRESSURE 
REGDLATEO NITROGEN 
125 PSl MAXIMUM 

A LOJ AND MEDIUM NITROGEN PRESSURE PANEL. 



PANEL INPUT PRESSURE 
NITROGEN SUPPLY LINE 
2300 PSl MAXIMUM 




COr^NECTOR 
SUPPORT 



HIGH PRESSURE 
NITROGEN INLET 
3000 PSl NOMINAL 
10,000 PSt MAXIMLJW 




CD- 



TEST TEST 
CONNECTION CONNECTION 

"A" "b" 



HIGH PRESSURE 
NITROGEN INLET 
10,000 PSl MAXIMUM 



B HIGH NITROGEN PRESSURE PANEL 





PANEL 




PANEL 






LOW ANO MEDIUM 




HIGH PRESSURE 






PRESSURE 




NITROGEN 






NITROGEN 




0-10,000 PSl 






0 -tOOO PSl 










PRESSURE 


IXl K^* C—C3 ' 


rfgulator I 




» 



CALtBRATlON BENCH 



C. BENCH" NITROGEN SYSTEh 



NITROGEN 
PUMP 
SUPPLY 
10,000 PSl 
"NITROGEN 
CYLINOERS 
SUPPLY 
2300 PSl 



LEGEND 

-OO-O;? —C::^^<y-CLOBE NEEDLE (SHUT-OFF) VALVE 
OR PRESSURE REGULATOR 



QUICK OlSCONNECT (MALE ANO FEMALE ATTACHMENU 
HIGH PRESSURE IRUPTURE) FUSE 
PRESSURE RELIEF VALVE 
BALL TYPE CHZCK VALVE 
PIPE (TEE) CONNECTION 

HIGH PRESSURE RELIEF VALVE. — <] 1/4" PIPE PLUG 



T3- 



91.564 

Figure 4-14. —Clean room pressure gage calibration system. 
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Y CHECK VALVE 




Figure 4-16.— > 



box contains the teflon plunger, sealing ring, 
'*0*' rings » and backup rings. It is providea with 
a cooling jacket (water cooled) to dissipate the 
heat generated by the nitrogen being compresr- 
sed. The plunger is a positive displacement/ 
reciprocating rod driven by the air piston and 
operates within the stuffing box. The accumu- 
lator is a 20-cubic inch stainless steel cylinder 
which has been hydrostatically tested at 22,500 
psi. The relief valve, is set to lift at 10,500 
psi. Check the setting of the relief valve before 
operating the unit. The rupture disc serves 
as a backup for the ralief valve and ruptures 
at 12,000 psi. The nitrogen discharge gage 
indicates the amount oi pressure in the ac-: 
curoulator. The gage requires calibration each 
t> months. 

FLOW CALIBRATION AREA 

The flow calibration installation in niade 
only on ARs that are required to furnish flow 
calibration services. The flow calibration system 
consists of a calibration stand (fig. 4-17), a 
cleaning system for flowmeters, and a portable 
flow calibrator to test water flowmeters in 
^niace in a system. 
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91.566 

ir driven nitrogen booster. 



For more infovj-nation on the flow calibration 
system, flowmt^ters, and repair practices, refe. 
to chapter 10 of Instrumentman 3 & 2, NAV- 
PERS 10193-C. 

TEMPERATURE CALIBRATION AREA 

The temperature calibration area contains 
systems for testing and calibrating temperature- 
meau iring devices. Before going further, you 
should review the prinofplos of these devices 
in chapter 7 of Instrumentman 3 & 2, NAV- 
PERS 10193-C. 

ASTM Standards 

These are reference standards, liquid^ In- 
glass thermometers, manufactured in strict ac- 
cordance with Ainerican Society for Testing and 
Materials (ASTM) precision specifications. Table 
4-1 gives characteristics of these thermometers, 
a set of nine thermometers in overlapping ranges 
of temperature coverage of -36°F to +761^ or 
Celsius equivalent. Caution should be taken not 
to exceed the maximum range of the thermo- 
meter in use. The thermometers are total im- 
mersion type. With the exception of the first 
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Figure 4-17. — Flow calibration stand. 91.567 
Table 4-1. — Reference L"lanriard<? Liquid-in-Glass Thermometers 



ASTM 


Range ("F) 


Divisions (''F) 


Length (mm) 


Accur 


62 F 


-36 to +35 


0.2 


380 


.05 


63 F 


18 to 89 




380 


.05 


64 F 


77 to 131 


0.2 


380 


.05 


65 F 


122 to 176 


0.2 


380 


.05 


66 F 


167 to 221 


0.2 


380 


.05 


6? F 


20Z to 311 


0.5 


380 


.2 


68 F 


293 to 401 


0.5 


380 


.2 


69 F 


383 to 581 


1.0 


380 


.5 


70 F 


563 to 761 


1.0 


380 


.5 



91.568 
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61J65{91C) 

Figure 4-18. — Temperature area. 



tvvo, each thermometer is provided with an 
auxiliary scale which includes 32° F or Celsius 
equivalent. Thus, each of the thermometers in 
this , series is provided with a means for check- 
ing the ice point, which should done from 
time to time when the thermometer is used. 

The ASTM thermometers are used in cali- 
bration of shop working standards (resistant 
thermometer indicators) and other temperature 
measuring instruments requiring a high degree 
of accuracy. Other uses for thes^ thermometers 
are in other calibration areas of MIRCs on 
equipment requiring temperature corrections. 
However, they are being deleted from MIRCS- 
(as a mercury hazard) and are being replaced 
with additional platinum and/or copper resistance 
thermometer. 

Thermometer Calibration Baths 

Three baths (fig. 4-18) are located in the 
temperature calibration area. A low bath is 
used on calibrations from -40° F to 200^ F, 
a medium bath from ambient temperature to 
500° F, and a high bath from 400° F to 1,000° 




The low and medium baths use silicone oil 
a:^ Lhe medium for heat transfer; the high bath 
uses molten salt or sand (heat treated). CAUTION: 
Water, oil, moisture, etc in the salt will cause 
bubbles to form or an explosion when the salt 
is heated. 

The" high or medium. bath uses a platinum re- 
sistance thermometer as its sensing element; 
the low bath uses a copper resistance thermo- 
meter. In thermometer calibration the element 
end of the resistance thermometer is immersed 
in the bath medium; the lead end is connected 
to/ the appropriate resistance thermometer In- 
dicator. 

A stainless steel cooling coil for use with 
tap water is prqvided in the medium baths to 
lower the bath temperature rapidly. The cooling 
coil also enables the bath to be operatod at a 
few degrees below ambient temperature. A re- 
frigeration unit in the low temperature bath 
is used for cooling to -40° F or °C. 

Each thermometer calibration bath is provided 
with t mixer to increase the circulation necessary 
for close temperature control. In the high tem- 
perature bath, the mixer must be turned off. 
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91.572 

Fi&, re 4-19. — Temperature bath controller. 



or removed from the molten salt Ixjfore the 
salt temperature is reduced. 

Each bath has a temperature controller, 
(fig, 4-19), lf*>cated m the bottom of ihe cabinet. 
The control panel for the controller, (fig. 4-19), 
has a power on-3ff switch aiid coarse and fine 
temperature adjusting dials. AdjViStment of coarse 
and, fine temperature dials energizes the heaters 
and maintains the bath operating temperature. A 
pilot light indicates when the heaters are operat- 
ing. 

The resistance thermometer (Speedomax), 
(fig. 4-20), indicates temperatures by means of 
a pc inter and circular scale. The calibration cycle 
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of the Speedoniax is 3 l o 6 months in place with 
shop standards. 



STARTING AND ADJUSTING 
THE SPEEDOMAX 



STARTUP 



To start the Speedomax, open the chassis 
and place the amplifier on-off switch, figure 
4-21, in the ON position. 
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61.166.2(91C} 

Figure 4-20.— Resistance thermometer tempera- 
ture indicator. 



ADJUST AMPLIFIER GAIN 

After instrument startup, and a vvarmup of 
at ICast two minutes with the instrument measur- 
ing the normal Input signal, observe the instru- 
ment sensitivity. Then» if necessary, readjust 
the setting of the amplifier gain control knob, 
' figure 4-21. 

The optimum gain setting is that settingwhlch 
gives maximum instrument sensitivity without 
causing "hunting*' — that is^ pointer oscillation. 
If oversensitivity, characterized by hunting, or 
insensitivity is noted, t'.rn the amp ifier gain 
control knuD to its clockwise limit. Then turn 
the kiiob sIowl> counterclockwise until the huntmg 
disappears or shows as only a slight quiver of 
the balancing motor worm. 

ADJUST DAMPING 

Instruments having a step response time of 
1.0 second (Model R round scale indicator) for 
full-scale changes of the measured variable are 
provided with a damping control rheostat, figure 
4-21. There is a screwdriver adjustment located 
on the range card mounting bracket. After instru- 
ment startup and r warmupoi at least two minutes 
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91.570 

Figure 4-21 .—Interior of case. Inset shows zero- 
offset adjustments. 



with the instrument measuring the normal input 
signal, determine the proper setting of this 
rheostat as outlined in the following paragraph. 

Manually rotate the slidewire contact arni, 
figure 4-22, to move the measuring pointer 
several inches from the balance point. Release 
the contact arm and observe the pointer I^ehavior 
as the instruniont balances. Tui^n the damping 
control rheostat counterclockwise until the pointer 
overshoots the balance point when this orocedui-e 
is repeated. Then turn the rheostat (Clockwise 
until the overshoot just disappears. Th. s setting 
of the damping control rheostat gives the smooth- 
est and fastest balancing action. 

ADJUST ZERO-OFFSET 

Zero-offset adjustments have been set at the 
factory and ordinarily will not require initial 
readjustment. However, after a certain period 
of use, readjustment may be necessary. Refer 
to the manufacturer *s technical manual when 
making this adjustment. 
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Figure 4-22. — Manual rotation of slidewire 
shaft. 



AMVLIKIER GROUNDING ' 

Upon completion of the foregoing steps, care- 
fully observe the performance of the instrument. 
If sluggish operation, v>xcessive dead band or 
erroneous readings are noted, Jie trouble xmy 
Ije caused by electrical intei^ference entering 
the instrument amplifier. Quite often such inter- 
ference can be readily eliminated by ungrounding 
the amplifier chassis and connecting it to the 
primary element circuH, Caution: Deenergize 
before changing connections. In particular r. this 
procedure is effective whenever interference 
is due to (a) instrirnent case and primary 
element lacing at different ground potentials, 
or (b) primary element having; an a-c or d-c 
potential with respect to grcyimcrr^^ 



RANGE CONVERSION 

The Spe^^domax can be converted to a new 
range by replacing the range card (fig, 4-23) 
and scale. This is useful in calibration since 
to increase (expand) the scale oyer a given 
range, results in a more accurate scale reading. 
Increasing or decr'^asing scale does not .change 
accuracy of instrument. However, scale read- 
ability is enhanced if span is decreased: a 0-500 
scale is more readable than a 0-lCOO scale. 
After a range change, calibration of theSpeedomax 
should }:>Q rechecked as described later in chapter 
5, 
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FigTire 4-2-3, — Range card. 



ADJUSTING THE TEiM PERATUKE 
CONTROLLER 

It may be necessary to adjust the RESET 
and GAIN settings of the controller (fig, 4-19) 
as well as the temperature settings. The RESET 
and GAIN controls are located on the controller 
chassis, Tl)ey can be reached by removing the 
mounting screws located in the extreme corners 
of the front panel, then withdrawingthe controller 
from <:he bath housing, O.ice the control settings 
have l^een determined and made, they should not 
be changed unless the type of bath fluid (test 
medium) is changed or operating conditions of 
<-he bath are altered radically, (See chapter 5.) 



OPERATING THE TEMPERATURE 
CONTROLLER 

Any one of three modes of operation (on-off, 
propoivionai, and proportional with reset) mayl^e 
used to control the temperature of the thermo- 
' meter calibration bath with the temperature 
controller, A mode of operation is selected by 
positioning the reset, switch. The reset switch, 
(fig, 4-19), has 10 positions. Positions 1 through 
8 are for the proportional with reset mode, the 
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Table 4-2. — Sensitivity of Controller as a Proportional Contx^oller 



GAIN SWITCH 
POSITION 


FRACTION OF 
MAX. GAIN 


PROP. BAND TEMP. DIFF. 0 - 100% DUTY 
CYCLE 










Off 


0 






1 


1/256 • 


10.6 


5.888 


2 


1/128 


5,31 


2.544 


3 


1/64 


2.65 


1.472' . 


4 


1/32 


1.32 


0.736 


5 


1/16 


0.663 


0.S68 


6 


1/8 


0-331 


0.184 


7 


1/4 


0.165 


0.092 


8 


1/2 


0.083 


0.046 


9 


1 


0.041 


0.023 



9th position for the proportional mode, and the 
10th position for the on- off mode. 

Each of the first eight positions on the reset 
switch represents a reset rate of time, oamoly 
6, 9, 13, 19, 27, 40, 60, or 90 seconds. 

When the red pilot light on the control panel 
is on, depression of the quick-heat button will 
close the quick-heat relay and energize the quick- 
heat heaters. After the bath reaches the set 
temperature, the relay opens with the first 
''off" signal from the controller (indicated when 
the red pilot light goes off). The quici^-heat 
heaters will remain off during the subsequent 
operation unless t'le quick-heat button switch 
is again depressed during an "on" period of the 
controller. 

ON-OFF MODE 



PROPORTIONAL MODE 

The proportional mixle of operatio;i is a 
function of the wheats tone bridge. A negative 
feedback signal unbalances the voltage to the 
bridge, producing an 
heater. 



"on" period of ihe bath 



The controller proportions the heat output 
by time cycle modulations. Proper operation 
is indicated when the pilot light goes "on" and 
"off" regularly about once per s;^cond. This 
is known, as th6 proportional band. Hunting 
occurs when the pilot light periodically increases 
and decreases its duty cycle or percentage of 
"on" time. This action is not to be confused 
with the on-off mode of operation. 



With the reset switch positioned for this 
'mode, the wheatstone bridge in the controller 
is adjusted for a preselected temperature through 
the use of the coarse and fine temperature 
controls. As bath temperature varies, a relay 
is turned on anc? off by a control amplifisr to 
control the current to the haaters, thus con- 
tooUing the temperature. 
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The bensitivity of the controller as a pro- 
portional controller is determined hv the ] : 
sition of the gain switch (fig- 4-21). The gain 
switch has an "off" and nine operative positions, 
^ach operative position represents a fraction 
of the proportionaI-bar4, temperature- 
differential, 0-100% duty cycle. Refer to table 
4-2. 
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proportio.:al ^v/fh 
reset mode 

A positive feedback circuit, with an appropriate 
time constant is added to the negative feed- 
back circuit to restore the bridge Tinbala::ce to 
zero. Tlie time constant is determ'.ned by one 
of the eight positions of the reset switch. 

Oil any proportional controller, maximum 
gain depends solely on the system being controlled. 
High gains result in hunting, or oscillations 
about the set point, while low gains produce a 
proportional offset due to change in load or 
heat demand of the system bein^ controlled. In 
some systems, a 'elatively low gain must be 
used to avoid huntlLtr, However, this gain may 
result in an unaccep.'able proportional offset, 
called droop. To overcoiae droop, the function 
of reset has been introduced in the coniroJler, 
This function reduces the droop to about 1% 
of that present in the absence of leset. 



MISCELLANEOUS TEMPERATURE 
CALIBRATION' EQUIPMENT 

Other temperature calibration equipment used 
in conjunction with4;he temperature baths, Speedo- 
max, or ASTM standarfis include a millivolt 
box, resistance thermometer bridge, and decade 
resistance box. 

MILLIVOLT BOX 

The millivolt box, (fig. 4-24), is used to 
measure the electromotive force produced by 
thermocouples. The range of the millivolt box 
is -11.0 millivolts to +101,0 millivolts. It is 
a portable potentiometer that contains an un- 
saturated standard voltage cell, a working volt- 
age source (battery), a galvanometer, a re- 
sistance network, and all necessary switches. 
The required calibration cycle for the millivolt 
box is 12 months. 

Highly accurate ^^oltage measurements are 
made using the potentiometer which compai'e^ 
an unknown voltage to a known, or reference, 
voltage. The standard cell is a stable voltage 
reference that must not be used as a battery. 
Doing so upsets the chemical balance and may 
destroy the cell or at least alter the reference 
voltage. The cell is not designed to bav*5 a 
ciu^rent drawn from it. 

The potentiometer compares an i^p-known volt- 
age to the standard cell voltage without drawing 
any significant current from the cell or the 




. ■ 61.168.1 
Figure 4-24. — Millivolt potentiometer. 



source being measm^ed. At the balance or measur- 
ing point there is no current drain from th- cell 
or the unknown voltage source. 

In voltage measurements, the battery drives 
a standardized current through a Imown resis- 
tance. The product of this current and the re- 
sistance between any two points along the re- 
sistance string is an accu;.^ately known voltage. 
The resistors are selected so that when a 
standardized current flows tlirough them, each 
setting of the variable resistor (slide wire) 
corresponds to a voltage output. A table ic then 
used to convert voltage to temperature. 

Figure 4-25 is a table that gives the expected 
millivolt output for a specific type of thermo- 
couple with :he hot junction temperature given 
in °C. This table provides temperature valuer- 
corresponding to the nearest hundredth of a 
millivolt. 
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(KIc'otrciiiuilivc larcr in Ahsolcitt* Millivolt s. 7Vnip<*ratnr<*« in D<*gr<'<'s C (Int. 19\H). K< r< r<*iic<' Jiiiiotioiis al 0° C.) 



Milfivolts 


.000 


.010 


' .020 


.030 


. O lO 


.050 


.060 


.070 


.080 


. 090 


. 100 


Millivolts 
























0. 000 


0. 0 


1. 8 


3. G 


5.4 


7. 2 


9. 0 


10. 7 


12. 5 


14. -8 


16. 0 


17. 7 


0. 000 


. 100 
. 200 
. 300 


17. 7 
50. 2 


19. 4 
30. 0 
51. S 


21. 1 
37. 6 
53. 3 


22. 8 
30. 2 
54. 8 


24. 5 
40. 8 
50. 4 


26. 2 
42. 4 
57. 9 


27. S 
14. 0 
59. 4 


29. 5 
45. 6 
00. 9 


31. 1 ^ 
47." 1 
02. 4 


' 3'".. 8 
-18. 7 
r)3. 9- 


3 *. 4 

50. 2 
65. 4 


. 100 

. 200 
. 300 


. too 

! 500 


T)'). 4 
7'.)! \) 


OT) 0 
81! 4 


08. 3 
82! 8 


60. 8 
98*. 2 


71. 3 
85. 6 


*^72. 7 
87. 0 
100. 0 


74. 2 

88. 5\ 


75. 6 

8o!o, 


'^^^ll 3 


78 5 

02! 7 


70 9 
94. 0 


. 400 
. 500 


. 600 


94. 0 


95. 4 


96. 8 


99. 6 


102. 3\ 


105>0- 




■-UIX 7 


. 600 


. 700 
! 800 
. 900 


J 07 7 
12L 0 
134. 1 


1 09 1 
122. 4 
1 35. 3 


1 1 0. 4 
1 23! 7 
130. l5 


111.8 

125! 0 

137. 9 


113. 1 
126. 3 
139. 2 


114. 4 
127. 6 
140. 5 


115. 8 
128. 9 
141. 7 


1 17. 1 

130! 2 
143. 0 


118. 4 
131*. 5 
144. 3 


I J !). 7 

13*2! S 

145. 5 


] 21 (P 
134: \/ 
146. 8 


. 700 
! 800 
. l^'^O 


1. 000 


\'\{\. S 


14S. 1 


149. 3 


150. 6 


.151. 8 


153. 1 


154. 3 


1 55. 6 


156. 8 


1 5 8. 1 


159. 3. 


1. 000 


1. 100 
K200 
!.3G9 


1 51 >. 3 

171. r» 

1 .H3. 7 


100. 0 
1 72.' 8 
1S4. 9 


101. 8 
174." 1 

186. 1 


ir)3. 0 
175."*3 
187. 3 


W54. 3 
170. 5 
188. 5 


1 05. 5 
177. 7 
189. 7 


166. 7 
178. 9 
190. 9 


1 67. 9 

180! i 

■ 192. 1 


160. 2 
1-s':* 3 
193. 3 


1 70. 4 
182.' 5 
104. 5 


171. 0 
183*. 7 
195. 7 


1. 100 
1.200 
1. 300 


1. -100 
l! 500 
1. 600 


1 05. 7 
267! 5 
,219. 2 


1 90 9 

2bs! 7 

220. 4 


1 98 1 
209! 9 
221. 5 


211. 0 
222. 7 


200. 4 
212. 2 
223. 8 


201. 6 
213. 4 
225. 0 


202. 8 
214. ^ 
2^6. 2 


204. 0 
215! 7 
227. 3 


216. 9 
228. 5 


206. 3 
218.' 0 

229. 6 


219. 2 
230. 8 


1 100 

1. .500 
I. 60U 


1.800 
K 900 


230. .S 
2 12 *. 3 
253. 7 


243. 4 
254. 8 


233. 1 
244^ 6 
255.-9 


9'? J 1 

i^o4. 0 

245. 7 
257. 1 


235. 4 
21 6. .9 
258. 2 


230. 0 
248. 0 
259. 3 


237. 7 
249. \ 
200. 4 


23s 9 
2 50! 3 
201. 5 


251. 4 
262. 7 


252. 5 
203. 8 


010 T 

253. 7 
204. 9 


1 700 
1. 800 
1. 900 


*> 000 


204 9 






'ifw 
— Oo. 0 


2f)9. 4 


270. 5 


271. 7 


079 Q 


07'J i\ 
^ t %j. ,7 




0 7c; 1 


2. 000 


2. 100 

2! 200 
2. 300 


■ 270. 1 
2S7. 2 
298. 2 


277 
2SS. 3 
299. 3 


278. 4 
289.* 4 
300. 4 


279. 5 
290. 5 
301. 5 


280. 0 
291. 6 
302. 6 


281. 7' 
292. 7 
303. 7 


282. 8 
293. 8 
304. 8 


283. 9 
204." i) 
305. 0 


285. 0 
2!>0.* 0 
307. 0 


286. 1 
297! 1 
308. 1 


2S7. 2 
298 2 

Soil 2 


2. 100 
2! 200 
2. 300 


2. 400 « 
2. 500 
2. 600 


309. 2 
320. 1 
'330. 9 


310. 3 
321. 2 
331. 9 


311. 4 
322. 2 
333. 0 


312. 5 
323. 3 
334. 1 


313. 5 
324. 4 
335. 2 


314. 0 
325. 5 
3oC. 3 


31.5. 7 

3cr). 0 
337. 3 


310. 8 
327. 6 
338. 1 


317. 9 
328. 7 

339. 5 


319. 0 
329. S 
340. (; 


320. 1 
330. 9 
341. 6 


2. 400 
2.500 
2.600 


. 2. 700 
2. 800 
2. 900 


341. i) 
352. 3 
3()3. 0 


342. 7 
353. 4 
304. 0 


343. 8 
354. 5 
305. 1 


344. .8 
355. 5 
366, 2 


345. 9 
356. 0 
:^r»7 9 


347. 0 
357. 7 

308. ?' 


348. 1 
358. 7 
369. 3 


340. \ 
359. 8 
370. 4 


350. 2 
360. 8 
371. 5 


351. 3 
361. 9 
372. 5 


352. 3 
3r,3. 0 
373. G 


2. 700 
2. 800 
2. 900 


3. 000 


373. G 


374. 0 


37.^;. 7 


'^76. 7 


377. 8 


378. 9 


37a 9 


381. 0 
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392. 5 
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413. 5 
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3. 100 
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4 1 0, 0 
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419. 8 
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449. 8 
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470. 4 
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402. 2 
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473. 5 
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455. 0 
465. 3 
475. 5 
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4. 000 


477. 5 


478. 0 
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487. 7 


4. 000 


Millivolts 


. 000 


.010 
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. 030 


.040 


. 050 


. 060 


.070 


. 080 


. 090 


. 100 


Millivolts 
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Figure 4-25. --Platinum vs platinum/10% rhodium thermocouple table (partial). 
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61.1^7 

Figure 4-26. — Resistance thermomoner equi 
ment, (A) Resistance thermometer bridgt-; 
(B) Resistance box. 



RESISTANCE THERMO- 
METER BRIDGE 

The resistance thermometer bridge, (fig. 
4-26A)» is a 'double slide-wirf^ wheats tone bridge 
used to calibrate resistance chermometers. The 
bridge measures the resistance of a thi^ee- 
or four- lead resistance thermometer over the 
range of 0 to 160.1 ohms. Since each resistance 
thermometer has a known specific resistance- 
versus-temperature characteristic, the resis- 
tance measurement can be converted to its 
temperature value by means of a table such as 
figure 4-27. 
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10 
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' 251.70 




11 


1,043755 


251.77 




12 


1.047726 


251-84 




13 


1.051695 


251,92 




14 


1,055664 


251.99 




15 


1.059631 


252.07 
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Figure 4-27. — Typical platinum resistance ther- 
mometer table (partial). 



DECADE RESISTANCE BOX 



The decade resistance box, (fig. 4-?CB), is « 
for general use in circuits, such as those in 
the resistance thermometer bridge, where an 
error of 0.1% is acceptable. The decade re- 
sistance box consists of an assembly of pre- 
cision resistors whose individual values are 
in submultiples and multiples of ten. Each section 
contains ten equal value components connected 
in series. The total value of each section is ten 
times that of the preceding section. By setting 
the 10-position selector switch in each section, 
the decade box can be set to any desired value 
within its range. The range of the resistance 
box is 0 to 999.9 ohms. 
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Calibration procedures describe operations 
required to calibrate instruments. As an Instru- 
meatman First Class or Chief, you should be 
able tu identify the procedures pertaining to 
equipment in MIRCS, perform calibrations with 
the help of these procedures, and direct your 
men to calibrate instruments accurately and 
safely. Even though there are no approved cali- 
bration procedures prepared specKically for use 
in MIRCS, some procedures a'^ e referred to as 
MIRCS procedures* 

The proposed NAVSHII-S manual No, 391-1320, 
MIRCS for Tenders ano Repair Ships, a standardi- 
zation rej^ort of 30 April 1967, lists various 
procedures and publications applicable to MIRCS 
operation. 

The Metrology Requirements List, NAVAIR 
17-35 MTL-1, lists authoritative reference docu- 
ments which contain data applicable to the cali- 
bration or qualification of test and measuring 
equipment. The documents are listed by 5-digit 
manufacturers' codes, which are derived from 
the Defense Supply Agency Handbook, H-4 series. 
The documents contain, for a particular piece 
of test and measuring equipment, the following: 
type designation, manufacturer's number, item 
name or federal stock number, cycle of cali- 
bration, maintenance manual or supplemental data, 
and aporoved calibration procedure, if any, 

Mor>t procedures given in these documents 
were daveloped for Calibration Laboratories, and 
do not apply directly to MIRCS; the laboratories 
and equipped with the calibration equipment 
mentioned in the procedures, whereas MIRCS 
are not. Remember, the procedures are useful 
as guidelines as are the references found in 
them. 

The Metrology Engineering Center Publica- 
tions Index contains a list of all current calibration 
procedures. This index is published quarterly 
and is a handy reference for checking the most 
current procedure. An asterisk (*) preceding the 



issue date numher indicates that the procedure 
has teen changed since the original publication 
date, 

A special letter-number system is used to 
identify the Instrument Calibration Procedure 
(ICP), Take for example, NAVAIR i7-20MP-01. 
The numbers 17-20 identify the procedure as an 
official NAVAIR publication. The letters MP 
identify the general area and function of the 
applicable test instrument. The number 01 is the 
serial number of the procedure. Letters in this 
system are assigned as indicated by the chart 
of figure 5-1, Either two digits or three digits 
make up the serial numbers of ICPs in each 
area or function group. The NAVAIR prefix on 
new and reissued documents replaces the former 
NAVVVEPS prefix. The two prefixes are equivalent. 

Local Calibration Procedures (LCPs) are used 
to expedite calibration information to the field 
lalx)ratories, LCPs are developed by various 
Navy activities and consist of material extracted 
(with appropriate changes) from maintenance 
manuals, handbooks, manufacturers^ literature, 
and other calibration procedures, LCPs do not 
necessarily comply with MIRCS format require- 
ments, butprovide adequate technical information. 
LCPs must be approved by MEC before they 
can be used as reference in the calibration 
program. 

If a calibration procedure for an item of 
equipment is not listed in the Metrology Require- 
ments List or the Metrology Engineering Center 
Publications Index, refer to the manufacturer's 
handbook or maintenance manual or to other 
sources, such as NAVSHIPS manuals. 



TORQUE TESTERS 

Each torque tester, regardless of range or 
size, miist be calibrated at least every 6 months 
and adjusted as necessary to verify that it may 
be used to calibrate torque wrenches. Generally 
a precision torque is generated and applied to 
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Figure 5-1. — Procedure numbering system. 



the tester, and the reading of the tester is 
compared to the known torque. 

BASIC PRINCIPLES 

One method of developing a precise torque 
is to use a known moment arm and deadweights. 
An arm and a series of weights, which will 
cover the span of the tester to be calibrated, 
are chosen and the weights are loaded on the 
arm at a known distance in sequence to generate 
different values of torque. A torque tester under 
calibration is illustrated in figure 5-2. 

A disc of known radius is attached to the 
input shaft of the tester. As weight is added, 
the disc rotates slightly and the torque generated 
increases according to the formula L = Wr, 
^ where L is torque, W is weight, and r is radius. 

ERIC 



As the disc rotates, the point of tangency between 
the weight holder and disc also changes. It 
is at this point that the weight acts to generate 
torque. Thus, the weight always acts perpendi- 
cular to the radius and no error results due 
to the rotation of the disc. 

If a tester had a range of 0 to 100 Ib-in., 
the disc used might have a radius of 10 inches. 
Ten weights of one pound each would allow the 
operator to generate a total torque of 100 Ib-in., 
with 10 Ib-in. increments. 

The basic disc configuration becomes im- 
practical for calibrating high range testers since 
weight restrictions may require that the radius 
of the moment arm be several feet. In this case, 
ah arm is used which represents only a section 
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Figure 5-2. — Torque tester calibration. 



Calibration systems which use a known mo- 
ment arm and deadweight are usually accurate 
to +0.01% of INDICATED TORQUE. 

One question which generally arises in torque 
tester calibration using deadweights concerns 
gravity. The weights used lor calibration are 
reasonably precise; usually, the nominal weight 
is generally stamped on each. Since this weight 
is the weight at 45° N latitude and sea level, 
the torque generated at any other latitude and 
altitude should be corrected. The correction factor 

is determined by the formula: 

= W X r X g 

where g = the ratio of local gravity 
~ to standard gravity. 

So 

W = nominal weight, and 
r = length of radius arm. 



of a disc, (fig. 5-3), whose radius arms, r^ and 
r^ , are equal. The t^ystem is statically balanced 
with a counterweight to ensure that the arm 
itself does not generate any torque, The arc on 
the arm is long enough so that under full load 
the weights W are tangent to some part of the 
arc on the arm. Thus, i^egardless of the arm 
position, the torque L imposed on the • tester 
equals weight tim.3s radius arm, Again, tne 
formula is L = Wr. 
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Figure 5-3.— High torque calibration arm. 



Actually, the value of local gravity (and thus, 
weight,) varies approximately +0.2% from stand- 
ard gravity between the North and South Poles 
and the Equator. If the tester being calibrated 
had a tolerance of +1%, then the maximum 
error introduced by not making a gravitational 
correction to the weights would be 1/5 of the 
tester tolerance, and this magnitude only if 
the tester were being calibrated at one of the 
Poles or at the Equator, In most laboratories, 
the error introduced would t:>e far less. Thus, 
the gravitational correction can be omitted in 
most torque tester calibrations. But where the 
tester is more precise than the gravita- 

tional correction should be considered to deter- 
mine whether or not it is a sig;nificant source of 
error in the calibration. 

CALIBRATION OF TORQUE 
TESTERS 

NAVAIR 17-20MU-03 describes the procedure 
for calibrating flexible-beam and torsion-bar 
torque testers wichin the range of 5 oz-in. to 
1000 lb- ft. This procedure requires that the 
standards carry evidence of current calibration 
and that a checklist (fig. 5-4) be used to record 
all calibration data. The checklist refers to the 
torque tester being calibrated as the test instru- 
ment,. The procedure step numbers in column 
1 of the checklist correspond to those in NAV- 
AIR i7-20MU-03. Ten points equally spaced 
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NAVY CALIBRATION CHECKLl£,T-BACK 



TEST INST(S): 

SWfc 7065 Torque Tester 



PROCNO. m 17-20MU-.03 



MFR 



MODEL 



SER HO. 



PROCEDURE 
STEP 
SO, 

(I 



FUNCTIOK TESVEO 
(2) 



NOMINAL 
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(5) 
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0 w 
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/ 

(6) 



CALIDRATtON TOLERANCES 
(7) 



3.1 



Test Inst. Inspection 



ck( ) 



4.3 



CW Torque 
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ck( ) 



4.5 



Zero Test Inst . 



ck( ) 



Ib-tn 



Ib-in 



4.6 



600 Ib-in. 



1200 



±10 Ib-in. 



±12 



1800 



±18 



2400 



±24 



±30 



3600 



±36 



4200 



±42 



4800 



±48 



5400 



±54 



6000 



±60 



CCW Torque 



4.3 



Exercise Test Inst. 



4.5 



Zero Test Inst. 



Ib-iJi, 



Ib-in 



4.6 



600 Ib-ln. 

1200 " 

1800 " 

2400 " 

3000 " 
3600 

4200 " 
4800 

5400 " 
6000 



±10 Ib-^ln. 
±12 
±18 
±24 
±30 
±36 
±42 
±48 
±54 
±60 
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Figure 5-4. — Navy calibration checklist- back. 
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throughout the range of the test instrument ai e 
selected and recorded on the checklist. 

Preliminary Operations 

Before the torque tester is calibrated, the 
following steps are taken: 

1, Verify that the test instrument is clean 
and free of defects that would obviously impair 
its operation, 

2, Record the values listed in column 2 
(fig, 5-4) on the checklist as the NORMAL 
values for the calibration points, if the cor- 
rection for local gravity (g/^) is within the 
limits 0.9985 and 1,0015; if not, compute the 
nominal values by means of the formula: 

Nominal value = (value in col 2) X g/g^ 
= local gravity in gals 
980.665 gals 

The gal, a unit of acceleration, is equi- 
valent to one centimeter per second per second 
(cm^sec^). If the local gravity factor is un- 
known, determine its approximate value from 
figure 5-5. 

Calibration Procedure 

Mount the test instrument on a rigid work 
surface so that the torque standard can be 
attached to the input shaft to apply clockwise 
(cw) torque, and so that the arc of the lever 
will be vertical, and the lever and weight will 
be unobstructed when the torque standard lever 
is placed on the shaft and the weight is sus- 
pended from the. lever. If the test instrum.ent is 
designed to measure torque greater than 500 
oz-in., secure the test instrument to the work 
surface. 

Place the appropriate lever arm (or wheel) 
on the test instrument shaft for application of 
cw torque. 

If the test instrument is a torsion-bar type, 
exercise it as follows: 

1. Place the appropriate weight holder and 
sufficient weights on the lever arm cable to 
obtain a test instrument full-scale indication. 

2. After one minute, remove the torque by 
raising (or removing) the weights. 

3. Reapply the torque by lowering (or re- 
placing) the weights. 



4, Repeat steps 2 and 3 above four more 
times. 

If applicable, remove the weight holder from 
the lever arm. 

Zero the test instrument in accordance with 
the manufacturer's instructions. NOTE: If the 
lever arm is an unbalanced type, remove it 
before you zero adjust. 

Measure as follows at each cw torque calib- 
ration point on the checklist: 

1, Place the weight holder and the appropriate 
weights on the lever arm to apply to nominal 
value of torque, 

2. Decrease the torque slightly, set the test 
instrument pointer to -some value less than the 
nominal value, carefully increase the torque 
so that the pointer moves slowly up scale until 
the full torque is applied, then note the tesl; 
instrument indication. Repeat this step until 
consistent results are obtained. Excessive shock 
or vibration in the work area may cause en atic 
torque indications during static torque measure- 
ments. If necessary, select another work arsa 
or perform the test when such forces are absent. 



NOTE: For test instruments having a 
memory-type indicator, carefully press the weight 
or arm upward, resetting the pointer, then slowly 
removing the upward pressure. This must be 
accomplished so as to avoid dropping or swing- 
ing the weight. On the Torque Controls ET 
series testers, it may be sufficient to press 
the reset shaft (to decrease the pressure and 
reset the pointer), then slowly release the reset 
shaft. 

3. Repeat the preceding step two more times, 
compute the average of the values noted, then 
verify that the result in within th'j acceptable 
limits for the calibration point. 

If the test instrument is designed to mea- 
sure counterclockwise (ccw) torque, repeat steps 
1 through 3, applying torque in the ccw direction. 

Verify that the test instrument is in ac- 
ceptable condition; if not, take corrective action 
and repeat the applicable steps. The corrective 
action is described in chapter 11 of Instrument- 
man 3 & 2, NAVPERS 10193-C. 

Unless other measurements are to be per- 
formed, secure the equipment in accordance with 
local laboratory practice. 
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BAROMETERS 

The barometer is an absolute pressure de- 
vice made especially to measure atmospheric 
pressure. Two kinds are used by the Navy; 
mercury and aneroid. 



CONSTRUCTION FEATOTES 

In its basic form the mercury barometer is 
made of a long glass tube sealed at one end and 
filled with mercury. Thjn open end is submerged 
in a container of mercury. The mercury in the 
tube settles, leaving a vacuum above it. As 
shown in figure 5-6, atmospheric pressure is 
indicated by the height of mercury in the tube 
above the level of mercury in the container. 
Atmospheric pressure is usually measured or 
indicated in inches of mercury or millibars. 



Figure 5-7 shows the relationships among the 
com-riO!i pressure measuring units. 

An aneroid l)arometer consists of an eva- 
cuated capsule linked to a pointer which in- 
dicates the atmospheric pressure directly on a 
dial scale. Its principal part is the evacuated 
pressure capsule or cell which is usually a 
diaphragm assembly, — a flexible . walled, sealed 
metal chaml:)er containing a partial vacuum or 
(in some) a total vacuum. One wall of the 
chamber is secured to the frame of the instrument 
as in figure 5-8 and 5-9. The free wall of the 
chamber is connected by a combination of levers, 
sector racks, pinions, pivots, or linkage chains 
to the indicator hand. Any change in atmospheric 
pressure will cause the diaphragm wall to move. 
An increase in atmospheric pressure compresses 
the chamber. When pressure falls, the chamber 
expands. Movement of the diaphragm wall causes 
the pointer to turn, and atmospheric pressure can 
be read directly on the dial. 
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69.86(147B) 
Figure 5-6. — Atmospheric pressure. 



Refering to figures 5-8 and 5-9 you may see 
the difference l:KBtween the two .ypes of aneroid 
barometers used in the Navy. The Taylor baro- 
meter wl ich has a single diaphragm whereas 
the Fritz barometer has a dual diaphragm. 



CALIBRATION OF ANEROID 
BAROMETERS 



Calibrating an aneroid barometer involves 
reading the atmospheric pressure on a master 
mercury barometer (one of known accuracy) 
and setting the pointer of the aneroid barometer 
to indicate the reading exactly. If the pointer 
has to be moved a short distance to indicate 
the true reading, try turning the zero adjust 
screw (figs. 5-8 and 5-9), In case this screw 
does not move the pointer far enough, lift the 
pointer off and reset it, using a pointer puller. 

Next, place the barometer in a pressure 
or vacuum chamlDer (bell jar) with a master 
barometer. If a master barometer is not a- 
vailable, use a mercury column or manometer 
connected to the test chamber. Compare the 
■»^eadings of the aneroid barometer and master 
lyarometer throughout the range of the test 
instrument dial. Differences in compared readings 
indicate that the test instrument needs adjustment. 
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Figure-5-7. — Relationship of gage pressures and other units of pressure measurement (read in). 
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Figure 5-8. — Taylor type aneroid barometer. 
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Figure 5-9. — Friez type aneroid barometer. 
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USING DEADWEIGHT TESTERS AS 
REFERENCE STANDARDS 

The Mansfield and Green, model T-130 (water 
r oil) or Amthor, model 472, biflui':'. dead- 
weight tester, figure 5-10, is used in the calib- 
ation ofpressure working standards. Both testers 
re installed in MtRCS. In the procedure for 
alibrating a boia^don tube pressure gage, a 
;nown pressure is applied to the gage by means 



of a hydraulic system and deadweights, and the 
known pressure is compared with the pressure 
gage indications. 

Calibrated weights are placed on the piston 
and the pump increases the hydraulic pressure 
until the piston floats. The piston is rotated 
to reduce friction and the hydraulic pressure 
is indicated on the pressure gage under test. 
This procedure should serve as a puideline 
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Figure 5-10. — Dead weight testers. 
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in the calibration of any gage requiring an 
accuracy greater than that provided by test 
panels. 



CALIBRATION OF BOURDON 
TUBE PRESSURE GAGES 

NAVAIR 17--20MP-01 describes the procedure 
for calibrating bourdon tube pressure gages with 
accuracies from 0.1% to 0,5%, and within the 
range of 0 to 10,000 psig. The operator should, 
read the entire procedure before starting the 
calibration. This procedure requires that stand- 
ards carry evidence of current calibration and 
that the calibration data recorded on the 
CHECKLIST. 

The test instrument indication is compared to 
the known pressure at selected nominal values 
throughout the range of the test instioiment to 
determine whether or not it is within the required 
tolerance. Adjustment and maintenance is per- 
formed in accordance with the manufacturer's 
instruction manual or local MIRCS practices. 

Preliminary Operations 

Inspect the test instrument for cleanliness, 
damage, mechanical interference, bent pointer, 
and other defects. Repair obvious defects at this 
time, and clean the test instrument, re- 
quired. 

Zero the test instrument, if required. 
Verify that the deadweight tester is clean, 
level, filled v/ith clean fluid and purged of all 
air. All its valves must be closed, and all 
fittings leaktight. 

Allow the test instrument and deadweight 
tester at least 24 hours to reach the am-aient 
temperature of MIRCS before starting calib- 
ration. Make sure the temperature v/ithin MIRCS 
is 72° F +5° F to eliminate having to apply a 
temperature correction. 

Calibration Procedure 

Using required fittings, connect the test in- 
strument in an upright position to the appropriate 
deadweight tester. If possible, connect the bourdon 
tube at the same height as the bottom of the 
deadweight piston to eliminate having to apply a 
head correction. Before connecting the test in- 
strument, also make certain that the fluid is at 
the HIGHEST point in the fitting at the connection. 



INITIAL ADJUSTMENTS. — Before proceed- 
ing, post a DANGER HIGH PRESSURE SIGN 
AT THE WORK AREA. THIS PROCEDURE IN- 
■ VOLVES PRESSURES THAT ARE HAZARDOUS 
TO PERSONNEL. Wear safety glasses and steel 
toe stafety shoes. 

With the hand pump, apply pressure, to the 
test instrument and tester until the weight plat- 
form floats about 1/4 inch a)x)ve its rest po- 
sition. Rotate the weight platform by hand. While 
maintaining a constant pressure with the. pump, 
loosen the fitting at the test instrument and 
pur^^e all air from the system. When the air 
bubbles are no longer noticed in the escaping 
fluid; tighten the fitting. 

Place on the top of the weight platform the 
weights necessary to produce an approximate 
full-scale indication on the test instrument. 
Then proceed as follows: 

1 Apply pump .ressure until the weight 
platform is ; oating; rotate the weight platform 
by hand. This platform must be turning when 
readings are being taken from the test instru- 
ment. 

2. Open th-^ valve that relieves pressure 
on the test instalment, releasing the pressure 
slowly. 

3. Repeat steps 1 and 2 above twice to 
exercise the bourdon tube. 

4. Release all pressure from the test in- 
strument and tester, then remove the weights 
from the platform. Be sure that all pressure 
is released from the tester before removing 
the weights. If the weights are removed before 
pressure is released, the piston could come 
out of the tester, under pressure^ damaging the 
tester and injuring personnel. 

Select ten equally spaced calibration values 
covering the range of the test instrument and 
record them in the FUNCTION TESTED column 
on the calibration checklist form. Next, compute 
the true pressure from the weights that will be 
used for each test instrument calibration value, 
using the formula in appendix I of this rate 
training manual. These true pressure values 
(in psig) are recorded as the nominal values 
for each test instrument calibration value in 
the linearity and hysteresis tests. 



LINEARITY TEST (UPSCALE). — Conduct 
the linearity test as follows: 
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1. Place on the weight platform the weights 
that will produce the actual or approximate 
pressure of the first test instrument calibration 
value. 

2. With the pump, increase pressure until 
the weight platform floats alx)ut l/4. inch above 
its rest position, 

3. Rotate the weight platform to niinunize 
friction and provide even lubrication to the 
piston. 

4. Tap the test instrument and record the 
indication on calibration checklist. Read the 
test instniment while the platform is rotating 
and floating freely. 

5. Stop the platform from rotating and place 
the appropriate weight on the platform that will 
produce the actual or approximate pressure of 
the next test instrument calibration value. 

6i Repeat steps 2 through 5, continuing until 
each test instrument value indicated on the 
calibration checklist form, including full scale, 
is used. 

HYSTERESIS TEST (DOWM SCALE). — Con- 
duct the hysteresis test as follows: 

1. Remove from the platform all weights 
except the one ca' ones that will produce the 
actual or approximate . pressure of the first 
test instx'ument calibration value below full scale, 
.2. Slowly open the relief valve until the 
weight platform is floating about l/4 inch above 
its rest position. DO NOT GO BEYOND THE 
BALANCE POINT AND THEN RETURN AS THIS 
WILL ' INTRODUCE AN ERROR IN THE HYS- 
TERESIS RUN. The return is a linearity func-^ 
tion and will not indicate hysteresis error, 

3. Rotate the weight platform, then tap the 
test instrument and record the indication. Read 
the test instrument while the platform is- still 
turning, 

4. Repeat steps 1 through 3 for each of the 
other test instrument Values indicated on the 
calibration checklist form. 

REPEATABILITY TEST. — To set up the re- 
peatability test, the operator selects the pre- 
viously calibrated nominal values which are 
approximately l/4, l/2, and 5/4 of full scale, 
recording them in the FUNCTION TESTED column 
On the calibration checklist form. Then he records 
the tiTje pressure values (in psig), obtained in 
computing the true pressure of the weights, as 
the nominal value for each test instrument calib- 
ration value. Next, he repeats steps 1 through 4 
of the linearity test for these three values. 

er|c 



Finally, he secures the tester after releasing 
all pressure and removing tlie weights from the 
platfoxTO. The tester is secured with its relief 
valve open and the tester connection covered. 

TEST TNSTRmiENT EVALUATION. — Com- 
plete the calibration checklist form and verify 
that the test instrument, is in acceptable con- 
dition. If not, take the requix^ed corrective action 
in accordance with the manufacturer's manual 
or local MIRCS practices. Then repeat the 
applicable portion of this procedure. 



TEMPERATURE MEASUREMENT 
INSTRUMENTS 

' 1 

Shipboard instruments for measuring tem- 
peratures include a variety of thermometers, 
pyrometers, and thermocouples. These instru- 
ments must be calibrated and adjusted regularly 
in accordance with approved procedures. 

SPEEDOMAX RESISTANCE 
THERMOMETERS 

The techniques for adjusting Speedomax ther- 
mometers were described in the preceding 
chapter. Each Speedomax must be calibrated 
periodically with .the length of its calibration 
cycle being determined by the amount of use 
the temperature baths get but never to exceed 
6 months. Calibration is also required when a 
range card and scale change is made. The Speedo- 
max is calibrated in place by MIRCS personnel, 
using ASTM reference standard thermometers. 

Each temperature bath must have graphs, 
such as figures 5-11 and 5-l2, to 'determine 
the proper seating of the coarse and fine ad- 
justing dials of the controller for a given tem- 
perature. It is a good shop practice to recheck 
or make up a new graph when calibrating the 
Speedomax. 

ASTM thermometers (standards) in their cur- 
rent calibration cycle for the full range of the 
bath are reqaired, A piece of graph paper is 
required to show temperatures corresponding to 
coarse dial settings of the controller. All calib- 
ration data for the Speedomax must be recorded 
on a calibration checklist. 



Calibration Procedure 

Be sure the stem and bulb of the standard 
are clean, free of grease and oil, and dry 
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Figure 5-11. — Approximate calibration of controller. 



before placing the thermometer in the test 
medium. In the high temperature bath, place 
the thermometer against the salt before heating. 
After the salt melted, then put the thermometer 
in place. Allow fifteen minutes for the standard to 
stabilize to the ambient temperature of the bath. 

Make the first calibration run on the bath 
to check its operation. Turn on the controller. 



Set the coarse dial at approximately midrange. 
On the low temperature bath the fine dial is 
set at 500. On the medium and high baths, 
the fine dial is set at 0: When the bath reaches 
set temperature, record the indication of the 
ASTM thermometer, Speedomax, and the coarse, 
dial. Turn the coarse dial to full range. When 
the scale indication of the Speedomax has been 
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Figure 5-12. — Approximate calibration of controller. 
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reached, allow the bath to stabilize, (whenhu'iting 
is not indicated by the on-off period of the pilot 
light). Record the temperature of the Speedoniax, 
the ASTM thermometer, and the coarse dial 
setting. Turn the bath off and allow its tem- 
perature to return to the ambient or near ambient 
temperature. 

Graph the points that correspond to the 
coarse dial setting and temperature noted in the 
first run on the graph paper. This graph will 
give you the approximate settings of the coarse 
dial for the calibration points. 

Select ten equallj^ spaced calibration check- 
points on the Speedomax and record them on the 



calibration checklist. Carry out the second run 
as follows: 



1. Set t^e coarse control to approximately the 
first caliuiation checkpoint as noted on the graph. 

2. Allow the bath to stabilize* 

3. Record the standard and Speedom-ax in- 
dications. 

4. Record the setting of the coarse diaU 

5. Repeat the above steps for each remaining 
calibration checkpoint. 

Complete the calibration checklist. Check the 
coarse dial setting and temperatures noted sgainst 
the graph, and make necessary corrections to the 
graph. 
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Temperature Bath 
Controller Adjustments 

To obtain maximum controlof the temperature 
in the calibration bath, it is necessary to ac- 
curately adjust the temperature controller gain 
and reset times. These controls are located on 
top of the chasis and are labeled GAIN and 
RESET. Remove the four corner mounting screws 
oil the front panel and withdraw the temperature 
controller from the cabinet to reach to control 
knobs as shov^n in figure 4-19. 

With the controller correctly connected to the 
bath, adjustments are made as follows: 

1. Set GAIN to position 9, RESET to on-off 
and the coarse and fine temperature control dials 
to the desired temperature. 

2. After the heater has cycled a few times, 
determine the number of seconds it takes to 
complete a cycle (OFF to ON to OFF). One way 
of doing this is to watch the pilot light on the 
front panel and measure the time, starting 
when the light just goes out at the end of the 
long ON period to the time it just goes out 
at the end of the next long ON period. Make 
a note of the time period. 

3. Set RESET to • P (proportional) and ad- 
just GA^N to the maxim'^m value that will not 
cause hunting. S?nce the controller proportions 
the heat output by time cycle modulations, the 
pilot light indicates proper operation by going 
on and off regularly about once per second* 
Hunting exists if the pilot light periodically 
increases and decreases its duty cycle or ON 
time. This action is not to be confused with on- 
off type operation. 

4. Complete the adjustment by setting RESET 
to the number of seconds noted in step 2 above 
or to the next position of higher value. 



LIQUIDOMETERS 

The liquidometer, a float-actuated, remote- 
reading gage, is an example of the hydraulic- 
type tank level indicator. Its most common 
usage is on the safety, trim, and negative ballast 
tanks of submarines. 




Figure 5-13. — Drawing showing principle of 
-f liquidometer gage. 91.585 

liquid (triple-distilled kerosene) in the trans- 
mission system. Two metal bellows in each 
tank unit are connected with the two bellows 
in the dial unit through transmission lines. 

The basic liquidometer system consists of 
an indicator assembly, a tank unit (with its 
float and float arm) and the transmission lines 
(capillary tubes) connecting the indicator with the 
tank unit and terminating in a line coupling box 
near the tank unit. 

When the float moves down, the mechanical 
linkage between ,the float arm and the tank 
bellows compresses bellows C, figure 5'"13, 
and displaces a portion of the liquid in the 
transmission system; this liquid travels by way 
of the transmission tubing into bellows D of the 
indicator unit, causing the bellows to expand. 
At the ^ame time, bellows E (tank unit) expands 
because of its connection with the downward- 
moving float arm, and takes in more liquid 
by way of the transmission tubing from bellows 
F in the dial unit. The movement of liquid 
from F to E causes F to contract and move the 
pointer. When the float arm moves upward, the 
entire operation is reversed, 

Multiple-Step Gages 



ERLC 



OPERATING PRINCIPLE 

The liquidometer operates on the principle of 
a balanced hydraulic system, as illustrated in 
figure 5-13, with operating power derived from 
a mechanical float and arm movement and the 



Liquidometers in large tanks usually have 
2, 3, 4, or 5 float units, called multiple-step 
gages. Each float unit, through its pointer, acts 
over a separate section of the dial in proportion 
to the volume it measures (fig* 5-14). If the dial 
is to be graduated evenly, the upper float unit 
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Figure 5-14. — Typical irregularly shaped tank. 
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Figure 5-15. 
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-Volumetric division of total pointer 
travel. 



must register over more of the dial than either 
of the other two units. See figure 5-15. 

Stroke-Setting Dial. 

To set stroke on a miltiple-step gage, it is 
first necessary to make up a stroke-setting dial 
by: (1) setting the stroke for each step in its 
neutral position and (2) setting the stroke for 
each step, so that the pointer travels correctly 
from the EMPTY to the FULL mark on the dial. 

On all but the oldest submarines and surface 
vessels the permanent dial is marked v/ith white 
dots near its outer edge. These dots indicate 
the limit of pointer travel for each step, and 
are used for final stroke setting. The preli- 
minary stroke- setting dial, which must be pre- 
pared first, is made up as follows: 

Remove the permanent dial from the indicator 
unit and lay it on a sheet of clean paper. Draw 
lines from the center of the dial through the 
white dots, extending them a few inches onto the 
paper below the dial (figure 5-16). Lay off the 
number of degrees for each step with a pro- 
tractor; the total number is 300 degrees. 

Now, using the new blank paper dial, mark the 
travel of each step in degrees with a red pencil, 
showing one-half of the motion to the left and the 
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Figure 5-16. — For setting stroke on multiple-step 
gages, apreliminary new dial is prepared, using 
the white dot marks on the permanent dial. 
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other half, to the right of the cent.erliae. Identify 
the steps, as shown in figure 5-17, This paper 
dial can now be attached to the indicator unit 
and used for the purpose of calibrating the per- 
manent dial so that the pointer will travel cor- 
rectly from EMPTY to FULL for each step. If 
a new finished metal dial is desired, send the 
calibrated paper dial to the mamifacturer who 
will furnish a new permanent dial made in 
accordance with this calibration, 

CALIBRATING A 
LIQUIDOMETER 

The calibration of liQuidomster requires 
three men when only one dial Indicator is in- 
volved and four men when two dial indicators 
are in use. Each man stationed at an indicator 
is in phone contact with one man in the tank 
and gives* him adjustment directions in terms 
of flats. (A flat equals one- sixth of a turn 
of a hex nut.) Another man must serve as a line 
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Figure 5-17. — The stroke- setting dial is com- 
pleted by transferring the float motion in 
degrees to the paper dial, 
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tender or saiety man at the top or opening 
of the tank. 

Preparing for Tank Entry 

The tank should be opened, vented, and flushed 
with air for a 24-hour period. Afterward, the 
ship's safety officer must check the tank for 
presence of explosive gases, and m 'ke sure the 
f^iv in the tank is breathable. The senior petty 
officer in charge of the calibration shouid ac- 
company the safety officer to verify his readings, 
A man mast not enter the tank until an air 
supply (blower or ship board air supply) is rigged 
f .)r use in the tank. 

Station a man. at the opening of the tank as a 
safety man and lifeline tender for the man in the 
tank. Be sure the insiae man is tied to one end of 
the lifeline so both handf; are free for making 
adjustments. Also the other end of the line must 
be attached to a solid object near the work area 
to prevent hin:i from falling to the bottom of the 
tank in case he slips, Thti safety man mast 
occupy a position outside the tank from which 
he can always see the man inside. 

Rig a portable sound-powered phone with 
headsets, one for the mail in the tank and one 
each for the men at the dial indicators. 

Inspection 

Before any adjustments are made, inspect the 
system to make sure the lines are free of air 
bubbles and in good working order. The tank 
unit housing should be free of air or contents of 
the tank. If any are found, the housing must be 
flushed with kerosene and dried then refilled 
with oil. Look for leaks, indicated by kerosene 
seeping out of joints in lines, tank units, or dial 
indicator. Only nonsparking tools and safety- 
approved lighting may be used in the tank. Do 
not stand on parts of tank units; lines and parts 
may be pulled loose, bent, broken, or kinked. 

Calibration 

In a multistep unit, calibrate the lowest 
float unit first. Tie It against the upper stop and 
proceed to the next float unit. 

Raise the float to its upp^r stop; do this slowly 
to avoid straining or rupturing the bellows and 
transmission tubing. Check whether the total 
distance traveled by the pointer is appro^ffi^t-eljf 
equal to the distance between the full anfll^g^^ 
calibration marks on the dial. Move the'-siiroke; 
adjusting block until the stroke is approxifnate^^ 
correct and lock the stroke adjustment with the 
locknut. 
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Figur'^^1 8.— Typical stroke and pointer adjustments on float actuated hydraulic liquid level indicators. 



ADJUSTHiCf THE STROKE AND POINTER.— 
Incre^se-^e stroke .by loosening the stroke 
3]usting block lockscrew and turning the stroke 
adjusting nut (fig. 5-18) so the adjustir^ block 
moves in toward the bellows. Moving this block 
away from the bellows decreases the stroke. 
(Stroke is the range or distance thf> pointer 
travels when a float is raised or lowered.) The 
locknut at the bottom of the pointer adjustin^^ 
screw must be loosened before the pointer 
adjusting screw is turned. T'urn the pointer 
adjusting screw clockwise to move the pointer 
up scale (or clockwise) and counterclockwise 
to move the pointer down scale. 

PROCEDURE. — Place the float against the 
bottom stop and check to see if the pointer 
indicates empty or is on the lower calibration 
mark. In tanks that cannot be pumped com- 
pletely dry, hold the lower float against the 



stop under water. Adjust with the pointer ad- 
justing screw until the pointer is on the lower 
calibration mark and lock the pointer adjust- 
ment. 

;\aise the float to the upper stop, then check 
whether or not the pointer comes on the upper 
calibration mark on the dial. If the pointer is 
eithier over or under the mark, split the dis- 
^?nce and make another stroke adjustment to 
bring the pointer to the halfway point between 
the upper calibration point and where the pointer 
was when raised. Lowe:^ the float and check 
the pointer adjustment by repeating all the 
above steps until the pointer reads exactly on 
both upper and lower calibration marks. If 
enough adjustment cannot be obtained by means 
of the adjustment block (fig. 5-19), turn screw 
C. 

Tie the first float to the upper stop po- 
sition and proceed to the second float. 
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ADJUSTMEMT SCREW C 
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Figure 5-19. — Interior details of liquidometer 
tank-unit adjustment assembly. Heavy arrows 
show points where binding may occur. 



Raise the second floai; to the upper stop and 
see if total distance traveled by the pointer is 
approximately equal to the distance between the 
upper and lower calibration marks on the dial. 
Adjust this float unit and subsequent units as 
described above. 

After completing the adjustments for all 
steps, untie all the floats and lower them slowly 
to their bottom stops. Lower the top float first, 
then the rest in the order that they were raised. 
Make certain that all adjustments are locked. 
Before leaving the tank, be sure all tools and 
loose materials are removed from it. 

LIQUIDOMETER MAINTENANCE 

The preliminary inspection or calibration of 
a liquidometer may indicate that it needs re- 
filling. A slow, sluggish, or nonmoving pointer 
' indicates a break in the lines or that the lines 
do not have a solid fill due to air, water, or 
some other foreign matter in them. A solid 
fill in the lines is essential for good calibration. 
Check also for kinked lines or collapsed trans- 
mission tubing. 

Foreign matter in lines is removed by flush- 
ing. To flush the lines, break tiie connections at 
the tank coupling box and indicator connection 
box and force clean kerosene through the lines^ 



Use nitrogen to purge the lines and remove 
moisture. Nitrogen also helps to locate hard- 
to-find leaks in lines. With soapy water around 
the lines and slightly pressurized nitr-ogen inside, 
bubbles will form at a leak. 

Filling a Liquidometer System 

A liquidometer system is /filled by means 
of a filling set arranged as shown in figure 
5 '^^0. The set consists of a i-eservoir for kero- 
sene, a McLeod gage for reading degrees of 
vacuum in microns, a vacuum pump for evacuat- 
ing air from the system and a valve manifold 
for opening and closing lines to the McLeod 
gage, the vacuum pump, and the reservoir. 
Kerosene is admitted after air is removed. 

To prepare the filling set for use, hang it 
at a convenient location; remove the front and 
bottom panels, then the support rod. Place the 
vacuum pump within six feet of the filling set^ 

The O-rings in the filling set need changing 
at least once a month. Replace them oftener 
if they develop flat spots. When replacing the 
O-rings, coat them with a uigh vacuum grease. 

FILLING PROCEDURE. — Connect the reser- 
voir valve to the reservoir and the vacuum pump, 
using neoprerie hose. Fill the reservoir with 
kerosene. Evacuate the reservoir to dissolve 
air from the kerosene. To evacuate, close the 
valves and start the pump; next, open the pump 
and reservoir valves and nan the pump two hours. 
Then close the reservoir valve. Remove the 
neoprene hose and connect the vacuum pump 
to the pump valve with metal hose. At this time 
change oil in the vacuum pump. 

To evacuate the junction box and tank units, 
cap the junction box lines at tlio tank unit ends. 
Couple the appropriate filling leads to the filling 
manifold, mainline end of the junction box and 
the tank units. Close all valves and start the 
pump. Open the pump and manifold valves, then 
operate the pump for two minutes. Open the gage 
control valve and take a vacuum reading. Wait 
5 minutes and take a second reading. If the 
difference is greater than 100 microns, repeat 
the preliminary steps. If the difference is still 
greater than 100 microns, check lOr leaks or 
vapor in the lines. When no leaks are noticeable, 
start the pump; next, open the valve and pump 
for at least two hours* Then close the pump 
valve and secure pump. This vacuum reading 
should be 25 microns or lesSa \yait 5 minutes 
and take a second reading. The difference between 
the first and second readings should be 25 
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Figure 5-21 A. — Installation of neutral pin on 
external mount tank units. 



microns or less. If necessary, repeat this pro- 
cedure until satisfactory readings are obtained, 
then close all valves. ENSURE THAT THE 
VACUUM GAGE VALVE IS COMPLETELY 
CLOSED. 

To inject kerosene into the units, open the 
kerosene valve, remove the plug fi-om the vent 
and allow two hours for the vacuum to draw 
kerosene into the units. Then slowly stroke the 
lever of the Step-l tank unit up and down a few 
times to draw in kerosene. Repeat this procedure 
with the remaining tank units. 

To connect the tank units to the juction box, 
install a neutx^al pin or jig (fig. 5-21A and B) 
on the tank unit to bring both bellows to an 
equal or neutral position* Neutralize all tank 
units at one time. 

With closing off pliers, squeeze the two 
filling leads to the Step-l tank unit just below 
the filling manifold. Make enough consecutive 
squeezes to flatten a l/4-inch-long section on 
the leads, towards the manifold. With cutting 
pliers, cut off both filling leads below the flat- 
tened section. Caution: Do not cut the filling 



CYLINDRICAL 
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Figure 5-21 B» — Installation of neutral jig on 
internal mount tank units- 



leads between the flattened section and the 
filling manifold. 

To avoid spilling kerosene, raise the ends 
of the other filling leads on the tank unit. 
Submerge the junction box leads of the No. 1 
tank unit in kerosene and remove the caps from 
the junction box leads. Connect positive-to- 
positive line and negative-to-negative line, using 
new copper washers. NEVER USE A COPPER 
WASHER MORE THAN ONCE. Keep fittings 
immersed in kerosene when making and breaking 
couplings to prevent loss of kerosene. Connect 
other junction box leads and tank unit leads in 
the same manner. The indicator and !i?nin t-*^ans- 
mission lines are also connected in the same 
manner with the indicator filling leads. 
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CHAPTER 6 

REPAIRING WATCHES AND CLOCKS 



This chapter is divided into three main 
parts: (1) analyzing casualties in watches and 
clocks, (2) replacing watch or clock parts^ 
and (3) repairing watch or clock parts. TJie 
first part defines casualty analysis and con- 
tains a chart that lists possible causes and 
remedies for common faults in watches. The 
second part deals with procedures for replac- 
ing defective or broken balance staffs, can- 
non pinions, and mainsprings. The third part 
is devoted to the functioning and repair of the 
escapement and tc a procedure known as hair- 
spring manipulatin ■ . 

Although this chapter gives many details 
and procedures pertaining to watch repair, bear 
in mind that watch repair is highly technical 
and delicate work which can be mastered only 
through experience, which you will receive under 
competent supervision in Navy instrument shops. 




CASUALTY ANALYSIS 

When a watch is brought to the instrument 
shop for repair, your job as an Instrumentman 
on duty in the shop is to locate the trouble and 
eliminate it. In doing this, you make what is 
known as a CASUALTY ANALYSIS — you in- 
spect and disassemble the watch as necessary 
until you locate the difficulty. Enter your find- 
ings on the casualty analysis report. 

Table 6-1 is a TROUBLKSHOOTING CHART 
which will help you locate trouble in a watch 
mechanism. It covers most of the difficulties 
you will encounter h\ watch repair, and you 
should study it and use it as a reference. 



REPLACEMENT OF WATCH PARTS 

This section gives the procedures for re- 
placing defective or broken watch parts — balance 
staffs, cannon pinions, and mainsprings. It also 
^ describes the maintrafa and shows how you 
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Figure 6-1. — Nomenclature of l\ typical balance 
staff. 



can determine the number of teeth in a lost 
wheel and the number of leaves in a missing 
pinion, 

REPLACING A BALANCE STAFF 

As you learned in previous study, the bal- 
ance staff is the shaft on which the balance 
wheel is mounted. The rotating axis around 
which the balance wheel oscillates is formed 
by a line running through the pivots at each 
end of the staffs. The pivots fit in jewels cap- 
ped by endstones. Study carefully figure 6-1, 
which shows a typical balance^staff and lists 
the nomenclature. Then take a look at two 
defectlv^e balance staffs illustrated in figure 
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Table .6-1. — Troubleshooting Chart 



Fault 



Crown UMScrews. 



Stem pulls out. 

Stem will not stay in 
winding position. 



Watch stops; has 
trouble in winding 
mechanism. 



The watch cannot be 
fully woundi 



Watch stops; has 
faulty dial. 



Watch stops; hands 
not properly po- 
sitioned. 



Hands fail to indicate 
correct time. 



Cause(s) 



Stem rusty., 

Threaded portion of stem is 
burred. 

Loose stem screw. 
Damaged stem. 

Shoulder on detent is worn. 
Square on detent is too long. 
Clutch iever ?pring is 
broken. 

A broken cl'?tch lever spring 
allows the clutch pinion to 
engage the setting wheel. 

Worn shoulder allows the watch 
stem to shK<^ into the setting 
position. 

The mainspring is broken. 
The barrel cover is disengaged 

from the barrel. 
The click spring is broken. 
Dial is too loose, causing the 

second hand to become fouled 

up* 

The dial is not centered prop- 
erly, causing the hour wheel 
and second wheel and second 
hand pipe to bind on it. 

Hands touch the dial or the 

crystal. 
The hands catch. 
The hour hand pipe binds on the 

hole in the dial, 
"rwe minute hand hub binds on 

the hour wheel hub. 



The haiids are loose on the 
hour wheel or the cannon 
pinion. 

Hands are improperly set. 
Hour and minute wheeli^ are 

enmeshed. 
Watch runs; hands fail to move. 



Remedy 



Remove the rust. 
Remove burs with a fine file or 
with an oilstone. 

Tighten the detent screw. 
Replace the detent. 

Replace the stem. 

Replace the clutch lever spring. 



Replace the clutch lever spring. 



Replace the watch stem. 



Replace the mainspring. 
Reassemble the barrel 

assembly. 
Replace the broken click spring. 
Tighten the dial screws. 



Position the dial by changing the 
location of dial feet. Avoid 
breakage. 

Adjust hands as necessary to have 
them move parallel with the dial. 
Adjust, as above. 
Center the dial. 

Set the hour hand and the minute 
hand squarely on the hour wheel 
and the cannon pinion, respec- 
tively. 

Tighten the hands in the 12 
o'clock position with the watch 
set for this position. 



Place the dial washers on the hour 
wheel between t^^e hour wheel and 
the dial. 

Tighten the cannon pinion. 
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Table 6-1 . — Troubleshooting, Chart — Continued 



Fault 


Cause(s) 


Remedy 


. THE ESCAPEMENT 


The roller jewel is out 
of action with the fork 
slot. 


Pallet jewels are not set 
properly. * 

The guard pin is bent. 

Guard pin is broken. 

Guard pin is too short. 

The fork is bent. 

There is too much sideshake 
or endshake in the pallet or 
balance. 

The banking pins are not ad- 
justed properly. 

The roller table is not of the 
correct size. 


Reset the pallet jewels. 

Straighten and adjust pin. 
Replace the guard pin. 
Replace the guard pin. 
Straighten the fork. 
Adjust bridges or replace the 
staffs, bushings, or jewels. 

Adjust the banking pins. 

Replace, the roller table. 


Watch stops—the es- 
capement assembly 
is faulty. 


The escapement is dirty, or is 

not oiled properly. 
Pivots are bent or broken. 
The roller jewel is out of 

action with the fork slot. 
There were burrs on the escape 

wheel. 

Some escape wheel teeth are 

bent or broken. 
Some jewels are broken. 
Jewels are improperly set or 

are loose in their settings. 
Tfie roller jewel is loose. 
There is excessive oil on the 

upper pallet or the staff pivot. 


Disassemble the escapement; then 

clean und oiL 
Straighten or replace pivots. 
Remedy was explained above. 

Remove the burrs with an oilstone. 

Replace the escape wheel. 

Replace the jewels. 
Reset the jewels. 

Reset the roller jewel. 
Disassemble, clean, and lubricate. 


BALANCE ASSEMBLY 


Watch stops— balance 
assembly is faulty. 


The balance staff is bent or 

broken. 
The balance jewels are loose 

or broken. 
The balance or balance jewels 

is dirty. 
The roller jewel is loose or 

broken. 
The roller table is loose. 

The hairspring is bent. 
The hairspring is broken* 
There is oil on the hairspring. 
Hairspring is magnetized. 
Balance screws are loose. 
The -balance is not true. 
The balance wheel is loose on 

the staff. 
There is a loose balance 

bridge* 


Replace the balance staff. 
Replace the balance jewels. 

Disassemble, clean, and 

lubricate. 
Tighten or replace the roller 

jewel. 

Tighten or replace the roller 
table. 

Citraighten or replace the hairsprir^. 
Replace the hairspring. 
Clean the balance unit. 
Demagnetize the watch. 
Tighten the balance screws. 
True the balance wheel. 
Restake the balance wheel on the 
staff. 

Tighten the balance cock screw. 
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Table 6-1. — Troubleshooting Chart — Continued 



Fault 



Cause (s) 

BALANCE ASSEMBLY-Continued. 



Remedy 



Watch stops— balance 
assembly is faulty- 
Continued. 



The watch runs too 
fast— balance assembly 
is faulty. 



There is excessive endshake 

or sideshake. 
The balance rims strikes the 

center wheel, hairspring stud, 

regulator pins, or some other 

point. 

The balance rim strikes the 
pallet bridge. 



The small roller table strikes 
the lower hole jewel setting 
shoulder. 

The edge of the safety (small) 
roller is rusty or gummy. 

There is oil on the hairspring. 
The watch is magnetized. 
Other coils of hairspring are 

between the regulator pins 

with the outside coil. 
Hairspring is twisted or bent. 
Balance wheel is not properly 

poised. 
The regulator pins bind the 

hairspring. 
Hairspring not correct one. 
Balance screws are missing. 
Hairspring strikes the center 

wheel or some other point. 

The hairspring and the balance 

wheel are dirty or gummed 

with oil. 
The regulator pins are spread 

apart too iar. 
The rim of the balance wheel. 

strikes other parts of the 

watch. 



Make necessary adjustments. 

Check the balance jewels for cor- 
rect position and depth, center the 
wheel for trueness, check hair- 
spring study for correct. position, 
and the balance cock for burrs on 
the underside. 

Check the lower balance jewels 
for proper depth, the underside 
of the pallet bridge for burrs, 
and the pallet bridge for correct 
position and tightness. 

Turn the shoulder back or replace 
the jewel. 

Buff and polish the edge of the 
roller with a hand buff. 

Clean the hairspring. 
Demagnetize the watch. 
Release the spring and make 
corrections. 

Straighten or replace hairspring. 
Poise trie balance wheel. 

Spread the regulator pins. ^ 

Replace the hairspring. 

Replace the balance screws. 

Adjust the hairspring as re- 
quired to prevent its touching 
other parts (adjacent). 

Clean the balance unit. 



Close the regulator pins. 

Check the position of the balance 
as related to the balance cock, 
pallet bridge, center wheel, 
regulator pins, or h?.irsprlng 
stud. ^(Make test with watch in 
different positions. ) 

Replace balance staff. 

Replace balance jewel and balance 
staff, if bent or cut. 
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Table 6-1. — Tx^oubleshooting Chart— Continued 



Fault 



Cause(s) 



Remedy 



TRAIN MECHANISM 



Watch stops— the train 
mechanism is faulty. 



The teeth or pinions of the train 

wheels are dirty. 
Movement was improperly oiled, 

or the oil is gummy. 
Some teeth or wheels are bent. 

There are burrs on the teeth of 

the wheels. 
The bushings are worn. 
There is improper depthing of 

the wheels and pinions. 
There is insufficient endshake 

or sideshake for the wheels. 
There is a cracked plate jewel. 
The jewels are improperly set. 
There is a loose jewel. 
The bridge plate is loose. 



Disassemble the train and clean it. 

Disassemble the train and clean it. 

Straighten the teeth or wheels; if 

necessary, replace the wheels. * . 
Remove the burrs with an oilstone. 

Replace the bushings. 
Replace them, or rebush the 
wheels. 

Straighten the pivot or replace 

the wheels. 
Replace the jeweL 
Reset the jewels. 
Reset the jewel. 
Tighten the screw in plate. 



6-2. Note the defects in each one, particularly 
the damage caused to * one pivot by a cracked 
jewel. 

When ybii replace a defective or broken 
balance staff, turn the old staff off with a 
graver. DO NOT ATTEMPT TO KNOCK IT 
OUT, 

There are three types of riveted balance 
staffs and a friction-fitted type. See figure 
6-3, which gives some common forms of riveted^ 
balance staffs. 

You can remove a standard rivet-type bal- 
ance staff by turning off the hub under the 
balance arra, or by turning off the rivet (on 
top of the balance arm). The turning-off-the- 
hub method has two advantages and is generally 
preferred; (1) the balance shoulder of the staff 
will not be forced through the hole of the bal- 
ance wheel; and (2) because the staking process 
hardened the metal in the rivet, the hub is 
easier to turn than the riveted shoulder. How- 
ever, if this type of staff cannot be replaced 
from stock and must be made on a lathe, re- 
move the balance staff by turning off the rivet. 

Turning off the Hub 

Refer to the illustrations as you study the 
procedure for turning off the hw?^ of a standard- 
type balance staff. 



91J73.0 

Insert the balance staff in a chuck and se- 
cure the chuck in a lathe, in the manner shown 
in figure 6-4, Then hold a sharp, pointed graver 
at the angle illustrated and shave off the roller 
.seat of the hub. Apply even pressure on the 
graver. 

As the shavings begin to fall from the hub, 
swing the graver slightly to the right. In this 
position, the point of the graver' cuts deeper 
than the sides into the roller seat,- forming a 
V groove (fig. 6-5). 

When you get the metal of the hub turned 
almost to the balance arm, the point of . the 
graver breaks through (fig. 6-6), leaving a loose 
ring of metal (outer portion of the turned-off 
hub). Use care to prevent damage to the balance 
arm. 

You can usually ease the balance wheel off 
the staff with your fingers; but if it does not 
come off readily, use a staking tool, as illus- 
trated in figure 6*7. 

Turning off the Rivet 

Exercise considerabi aare when you turn off 
the rivet on the arm of a balance wheel. Use a 
graver in the same manner as for turning off 
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Figure 6-2, — Defects in balance staff. 
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Figure 6-3. — Common forms of riveted balance 
staffs. 
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Figure 6-6.— Graver breaking through the hub of 
a balance staff, 



the hub. Do NOT scratch or damage the balance 
arm with the graver, The procedure for turning 
off the rivet is illustrated in figure 6-8. 

Staking a Balance Wheel 

The process for securing a balance vi^heel to 
a balance staff is known as STAKING, 

The next few paragraphs discuss ONLY the 
procedure for staking balance wheels on TOP- 
GROOVE, SIDE-GROOVE, and FRICTION-FIT- 
TED balance staffs. 



PUNCH 

ROLLER SEAT 
TURNED OFF 




STUMP 
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Figure 6-5; — Turning off the roller seat of a 
balance staff, 
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Figure 6-7.— Removing the balance wheel from 
the balance staff. 



116 



Chapter 6 — REPAIRING WATCHES AND CLOCKS 




CHUCK 



BALANCE ARM 
IVETED METAL 



.BALANCE ARM 



RING DROPS 
OFF 



GRAVER STARTING 

THE CUT CHUCK 




GRAVER 



61,83,8X 



Figxire 6-8, — Turning off the rivet of a balance staff. 



Figure 6-9 shows the procedure for staking 
a balance wheel to a top-groove balance staff. 
Use a flat seating punch with a wide mouth to 
bring the balance arm firmly into contact with 
the balance seat. Note that the punch does not 
touch the seating shoulder. Then use another flat 
seating punch with a small mouth to hammer the 
riveting shoulder flat. Use gentle taps with a 
small hammer. The completed staking job is 
shown in part C of figure 6-9. 

Figure 6-10 shows how to put a balance wheel 
on a friction-fitted staff. Note in part A that the 
staking punch has a round nose which fits on top 



of the hub seat. With a punch of this type, you 
can bring the hub seat into positive seating po~ 
sition in the hub. Part , B of figure 6-10 il- 
lustrates the procedure for staking a balance 
wheel on another tyjte of friction- fitted staff. 
You need a flat -face staking punch of the size 
illustrated for pressing the staff into its seated 
position, with the hub seat on the staff in po- 
sitive contact with the balance wheel hub, 

REPLACING A CANNON PINION 

The dial train consists of the cannon pinion, 
minute wheel, and the hour wheel. The cannon 
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Figure 6-9.— Staking a top-groove balance staff. 
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Figure 6-10. — Staking a friction-fittii g balance staff. 



pinion is a hollow steel pinion mounted on the 
center wheel arbor, A stud secured in the pillar 
plate holds the minute wheel meshed with the 
cannon pinion. Attached to the minute wheel is 
a small pinion meshed with the hour wheel. 

The center arbor revolves once per hour, 
A hand secured to the cannon pinion on the center 
arbor travels around the dial once each hour. 
This hand denotes minutes. The minute wheel 
is in mesh with the cannon pinion. The hour wheel 
has a pipe which enables it to sit over the cannon 
pinion, and it meshes with the minute wheel 
pinion. The ratio between the cannon pinion and 
the hour wheel is 12 to 1; therefore, the hand 
fastened to the hour wheel denotes hours. If the 
cannon pinion is too tight, it would be difficult 
to set the watch hands; if it is too loose, the 
stem turns too freely. When damaged, a cannon 
pinion must be replaced, as explained next. 

Note the position of the cannon ninion in 
figure 6-11, It is located beneath the hour wheel. 

Figure 6-12 shows how to remove the cannon 
pinion with one type of remover. Lift straight 
up on the remover to prevent bending or break- 
ing. You can also remove a cannon pinion with 
a pair of good tweezers or a pin vise. 

Before you install a new cannon pinion, 
thoroughly clean all parts of the dial train, and 
other parts of the watch. The arbor on which the 
cannon pinion fits must be free of blemishes and 
show little wear. Any part which shows wear 
which may interfere with efficient operation of 
the mechanism MUST BE REPLACED. 



To prevent l)ending or binding, use much care 
in fitting a new cannon pinion to the arbor and 
center wheel. Select proper tweezers for doing 
the work. A cannon pinion should fit tight, with 
equal friction all around the center arbor. If it 
is loose when in position on the arbor, tighten 
it in the manner illustrated in figure 6-13. 
Seat it on a tapered, round broach (brass wire) 
and then move it slightly toward the tapered end 
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"igure 6-11. — Position of cannon pinion in the 
dial train. 
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Figur*e 6-12, — Removing a cannon pinion. 



of the wire. With a pair of cutting pliers (with 
rounded-off cutting jaws), tighten the cannon 
pinion at its slot. The tension of the pinion on 
its arbor should l^e sufficient to carry the dial 
train and the hour wW^el, but not tight enough to 
prevent setting of the hands. 

Same watch repairmen use steel wire instead 
. of brass wire. Pliers with a setscrew for setting 
the amount the jaws may be closed are also 
used. If you use such pliers, close the jaws 
on the cannon pinion at the spot indicated in figure 
6-13 and turn the setscrew in to get the correct 
measurement between the laws in this position. 
Then remove the pliers and unscrew the setscrew 
just enough to enable you to put the amount of 
indentation desired on the cannon pinion at the 
spot indicated. If this does not make the pinion 
fit tight enough, unscrew the setscrew a little 
more and repeat the process. 

REPLACING A MAINSPRING 

A watch, like an engine or any other me- 
chanical contrivance, must depend on a steady 
O 
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Figui'e 6-13. — Tightening a camion pinion. 



source of motive power. The power assembly 
in a watch consists of the mainspring, main- 
spring barrel, arbor, and cap. The mainspring 
provides essential power to run a watch. It is 
coiled around the arbor and is contained in the 
barrel, cylindrical in shape, with a gear on its 
outer edge, which meshes with the center wheel 
pinion. This gear is the first wheel of the watch 
train. The arbor is a cylindrical shaft with a 
hook in the center for attaching the mainspring. 
The cap is a flat disk which snaps into a recess 
in the barrel. The main^ipring barrel has a hook 
on the inside edge to which the mainspring is at- 
tached. 

Study a watch power assembly (mainspring 
barrel assembly) in figure 6-14. Note the gear 
around the top of the barrel in the front view, 
and then note in the side view how this gear 
meshes with the center wheel pinion. Study the 
nomenclature shown in the side view of the as- 
sembly. Observe also the position of the ratchet 
wheel, which turns the barrel arbor when the 
Watch is wound. 

A mainspring is made of a long, thin strip of 
steel, hardened as necessary to give the desired 
resiliency. Mainsprings vary in size, but each 
has a hole in the inner end to secure it on the 
mainspring barrel arbor and a hook on the outer 
end for attaching it to the mainspring barrel. 

Removing Mainspring from Barrel 

To remove a mainspring from a barrel, hold 
the barrel between the thumb and the index finger 
(with barrel supported on an anvil) and pry off the 
cap with a screwdriver inserted in the cap slot. 
Remove the barrel arbor; then grasp the inside 
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Figure 6-14.-— Front and side views of a barrel assembly, 

coil of the mainspring with tweezers andSLOWLY 
pull it out of the barrel, allowing it to uncoil 
• gradually. 

Thickness of Mainspring 

The thickness of a mainspring determines its 
strength. A spring which is TOO thick causes the 
motion of a watch to increase beyond safe limits, 
resulting in the banking of the roller jewel against 
the pallet fork. Accurate regulation of a watch 
under such conditions is impossible. On the other 
hand, if a spring is TOO thin, it does not have 
sufficient power to run the watch. When you first 
wind the watch, the balance motion may be satis- 
factory; but after the weak spring runs a few 
hours, it does not have enough tension to main- 
tain good running motion of the balance wheeL 

If you need a mainspring for a watch of 
standard make, use a genuine factcry-made 
spring specified by the manufacturer for the 
specific model. If ycu do not know the manu- 
facturer of the watch, use a small micrometer 
or a Dennis on mainspring gage to measure BOTH 
thickness and width of the mainspring required. 
See figure 6-15. 

In determining the proper thickness of a 
mainspring for a given barrel, take into con- 
sideration the following: 
O 
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1. The INSIDE barrel diameter should be 
three times as great as a given arbor diameter. 
The area covered by the spring should be one 
half the net difference in area between the barrel 
and the arbor. 

2. For a barrel arbor of given size, the 
mainspring thickness should vary 1/26 to 1/34 
of the arbor diameter, depending upon the quality 
of the movement. Table 6-2 shows that the tetter 
the quality of a watch movement the weaker the 
spring required. 
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Figure 6-15. — Dennison mainspring gage. 
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Table 6-2. — Guide to Mainspx^ing Thickness 

Pocket Watches 

7-15 jewels— ma ansprinsi" thirkiiess, 1/26 arbor 
diaxiieter 

15-17 jewels— mainspring; thickness, 1/22 arbor 
diameter 

17-19 jewels— mninsprini; thickness, l/30 arbor 
'^Tia meter 

19-21 jewels— mainsprini; tliickness, 1/32 arbor 
diameter 

21-23 jewels— mainsprinu; thickness, 1/34 arbor 
diameter 



Wrist Wat ches 

7-15 jewels— mainspring thictoiess, 1/28 arbor 
diaiiuter 

15-17 jewels— mainspring thickness, l/30ai*bor 
diameter 

17-19 jewels— mainspring thickness, 1/34 arbor 
diameter 

NOTE: Use these figures as a guide ONLY 
when data from the manufacturer is unavailable. 
Irregularities in banking, pivots, and depthing, 
void ALL these rules. 
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3» The numbex^ of barrel revolutions possible 
with a given spring is equal to the difference in 
the iiuml>er of coils between the WOUND UP 
and the RUN DOWN positions of the spring. 

4. If a spring occupies 1/2 the net difference 
in area l:>etween the barrel and arbor, the last 
coil when wound up and the first coil when run 
down both lie on a common circle called the 
UP AND DOWN CIRCLE (fig. 6-16), When lines 
AC and BC in this illustration are drawn with 
45^ angles with the diameter of the mainspring 
barrel, their point of intex^section (C) gives the 
position of the UP AND DOWN CIRCLE. When 
the spring is wound in the barrel, the last coil 
should meet this circle. Line CO is the diameter 
of the UP AND DOWN CIRCLE. 

5. The diameter of the UPANDDOW^N CIRCLE 
is approximately equal to 3/4 the inside barrel 
diameter when the barrel is ONLY THREE TIMES 
the arbor diameter. 

Length of Mainspring 

If a mainspring is TOO LONG, it does not 
leave enough space in the barrel for unwinding. 
This means that the watch will not run its 
maximum number of hours. Take a look at an 
OVERSIZED mainspring in part A of figure 6-17, 
and then compare it with the CORRECT .SIZE 
mainspring in figure 6-14. 

A mainspring that is too short does not have 
a sufficient number of coils for unwinding, which 
means that the watch will not run its maximum 
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Figure 6-16. — Up and down circle. 
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Figure 16-17. — Over- and under-size mainsprings. 



number of hours. Compare the SHORT main- 
spring in part B of figure 6-17 with the one in 
figure 6-14. 

If you must determine the correct length of 
a mainspring for a given watch, use W. Dodgion's 
equation, as follows: 

(B4.A>x(B-A) 

■ = length of mainspring in inches 

64.6 X T 

A = arbor diameter in millimeters 

B= inside diameter of barrel in millimeters 

T = thickness of mainspring in millimeters 

Inserting Mainspring in Barrel 

Use a mainspring winder for inserting a 
mainspring into its barrel. If you attempt to 
^^'^ it into the barrel with your fingers, you 
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may cause damage that will render it unfit for 
reliable service. Winders are made in different 
sizes to accommodate various sizes of main- 
spring barrels. Study parts A and B of figure 
6-18, which show the procedure for winding a 
mainspring into a mainspring winder and for 
transferring the mainspring to the barrel, re- 
spectively. 

The procedure for using a mainspring winder 
follows: 

1. Select a proper-size mainspring winder. 

2. Check the position of the hook on the arbor 
to determine the direction for winding the spring. 
Wind the spring in a reverse direction to the 
position it will have in its barrel. 

3. Attach the inner coil of the mainspring 
to the arbor of the winder. 

4. Wind the spring into the barrel of the 
winder. 
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5. Place the winder over the barrel, with 
the end of the spring at the hooking end of the 
barrel. (If it is the tongue-type, the tongue 
must be bent away from the spring.) 

6. Insert mainspring into barrel (part B, 
fig. 6-18). 

7. Lubricate the mainspring and arbor with 
HEAVY oil. (Pressure between coils of a fully 
wound spring would force li:^ht oil from the 
spring and cause a binding which would result in 
uneven power and inaccurate regulation.) 

8. Hold the barrel on tissue paper in the 
left hand and place the cover (held with tissue 
paper in the right hand) on the barrel, lined up 
with a scratch mark on the side of the barrel. 

' Then overlap the cover with tissue paper in both 
right and left hands (to keep finger prints off) 
and snap the cover on the barrel. If necessary 
apply force to cover with a brush handle to snap 
it into place. 

9. Remove dirt and fingerprints from the 
barrel. 
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MAIN WATCH TRAIN 

The main train of a watch is a set of wheels 
through which the power of the mainspring is 
transmitted to the escapement. The cogwheel 
on the mainspring barrel constitutes" the FIRST 
wheel of the train. Because of its position in a 
watch movement, the second wheel is called the 
CENTER wheel. The THIRD, FOURTH, and ES- 
CAPE wheels complete the main train. The 
center, third, and fourth wheels are made of 
brass, mounted on steel pinions and arbors. 
The long center wheel arbor projects through 
the pillar plate and above the dial, to receive 
the cannon pinion and the hour wheel. 

The main train (sometimes called the time 
train) changes the SLOW motion of the main- 
spring barrel into FAST motion, causing the 
cannon pinion carrying the minute hand to make 
one turn every time the escape wheel makes 
the required number of beats (18,000 per hour 
in a pocket watch). Another train, called the dial 
train, governs the distance the hour hand travels 
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to one turn of the minute hand. In other words, 
the dial train converts FAST motion to SLOW 
motion. 

Turns of a Pinion 

To determine the number of turns a pinion 
makes, divide the numl^er of teeth in the wheel 
by the number of leaves in the pinion. For ex- 
ample, if a wheel with 72 teeth meshes with a 
pinion with 12 leaves, the pinion makes 6 turns 
for every turn of the wheel (72 f 12 = 6). 

Turns of Main Train 

Study figure 6-19, The wheels of the main 
train are identified by capital letters and the 
pinions by small letters, as follows: 



B = barrel (first wheel) 
C = center wheel (second) 

T = third wheel 
F = fourth ^heel 
E = escape wheel 



c = center pinion 

(second) 
t = third pinion 
f = fourth pinion 
e = escape pinion 



A watch train often has the following number 
of wheel teeth and pinion leaves: 



B 72 « 
c = ll = ^ 



f 10 ^ 



If you multiply the above quotients (6x8x7 1/2 
X 10) you get 3,600, the number of turns the 
escape wheel makes each time the barrel makes 
a revolution. Divide 3,600 by 6 (number of turns 
center wheel makes to one turn of barrel) and 
you get 600, the number of turns the escape 
wheel makes' per hour. These calculations are 
based on one turn of the center wheel and are 
represented by this formula: 



C X T X F 



t X f X e 



600 



The second hand of a watch iy secured to 
the arbor of the fourth wheel, which means that 
the fourth wheel makes 60 turns to each turn of 
the center wheel, as shown by the following 
formula: 



C X T 80 X 75 



60 



t X f 10 X 10 



Most escape wheels have 15 teeth, and each 
tooth delivers two impulses when the watch is 
running — the first impulse to the receiving pal- 
let, and the second impulse to the discharging 
pallet. This means that the escape wheel de- 
livers to the balance wheel twice as many beats 
as it has teeth. The formula which represents 
the beats is: 



C 
t 



80 
10 



= 8 



F 

e 



80 
8 



10 



CxTxFx2xE 



t X f X e 



= Beats per hour, or 




CENTER OR 
BARREL OR SECOND 
RR5T WHEEL WHEEL 



ESCAPE 
WHEEL 



WHEEL 
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Figure 6-19,— -Main train of a watch. 



in numerical values, it is 

80 X 75 X 80 X 2 X 15 
10 X 10 X 8 



18,000 beats per 
hour 



Number of Teeth in Lost Wheel 

Suppose you receive in the instrument shop 
an unfamiliar watch which has a missing wheel 
or pinion. How can you calculate the number 
of teeth in the missing wheel, or leaves in the 
missing pinion? You can do this by using the 
following formula: (The fourth wheel, repre- 
sented by F, is missing.) 
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80 X 75 X F X 2 X 15 

= 18,000 

10 X 10 X 8 

225 F = 18,000 

F 80 (numl^r of missing teeth in 
fourth wheel) 

Suppose we take another example, the prob- 
lem of finding the number of leaves in a missing 
third pinion. By using the following formula, 
with t representing the number of missing leaves, 
we get: 

80 X 75 X 80 X 2 X 15 

■ = 18,000 

t X 10 X 8 

180,000 

= 18,000 

t 

18,000t = 180,000 

t = 10 (number of leaves in third pinion) 



THE ESCAPEMENT 

A watch escapement is that unit of the watch 
which connects the wheel train assembly with 
the balance wheel assembly. Study the escape- 
ment illustrated in figure 6-20 • The names and 
functions of the parts of an escapement are given 
in the next paragraph. The rest of this section 
explains the functioning of the escapement, pro- 
cedures for repairing it, and procedures for 
m'^iiipulating hairsprings used in barometers, 
dial indicators, watches, and clocks. 

ESCAPEMENT TERMINOLOGY 

R or RECEIVING STONE — pallet stone which 
first meets or receives the escape tooth in an 
escapement action. 

L or LET-OFF STONE — pallet stone which 
last makes contact with the C'scape tooth. 

PALLET ARBOR —the staff on which the pal- 
let swings. 

FORK — part located at tail of pallet lever, 
containing slot which roller jewel enters. The 
fork delivers the impulse to the roller jewel. 

HORNS — circular projections on each side 
of the fork slot which provide safety action 
during unlocking and impulse. 



ROLLER JEWEL (also called jewel pin)- 
usually of ruby or sapphire and secured by 
shellac in a hole in the impulse roller table, 
the roller jewel is the connecting link Ijetween 
the pallet and the balance wheel, 

ROLLER TABLE— flat, circular disk from 
which the roller jewel is suspended (and in 
which secured). 

DOUBLE ROLLER -roller unit consisting of 
two metal disks. The upper disk (larger) sup- 
ports the roller jewel and is known as the im- 
pulse roller. The lower disk (smaller) serv.es 
as the safety roller. (Has crescent notch,) 

CRESCENT — notch in safety roller, to allow 
the guard pin to pass freely in either direction 
when the roller jewel is entering the fork. 

GUARD PIN — small, brass pin below the 
fork. This pin serves as a safety device, en- 
suring that the pallet is in proper position to 
receive the roller jewel upon its return. 

LOCK— amount of overlap l^etween the pallet 
stone (jewel) and an escape wheel tooth. 

LOCKING FACE — side of pallet stone which 
locks or overlaps a tooth of the escape wheel. 

TOE OF TOOTH— corner of escape tooth 
which locks with the pallet stone. 

HEEL . OF TOOTH — corner of escape tooth, 
last part of tooth to leave pallet stone in an es- 
capement action. 

LET-OFF CORNER- extreme tip of pallet 
stone where tooth of escape wheel loses contact 
with pallet stone. 
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Figure 6-20. — A watch escapement. 
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BANKING PINS — stops on each side of pallet 
which control distance pallet may swing. 

IMPULSE — beginning at the instant of unlock- 
ing, the impulse is the drive of an escape wheel 
tooth against an impulse face of a pallet stone, 
causing the pallet to swing to the opposite di- 
rection (side). The pallet imparts this motion 
through roller jewel to the balance wheel. 

IMPULSE FACE — inclined plane on the end 
of the pallet stone on which the escape wheel 
teeth press to produce the lift in an escapement 
action. The term impulse face may also refer 
to the plane on the end of a club tooth of the 
escape wheel. 

DROP — free motion of the escape wheel when 
one tooth passes the let-off corner of a pallet 
stone and another tooth locks on, the opposiite 
stone. 

BANKING TO A DROP — positioning of the 
• banking pin to a point where the escape wb:^el 
teeth just clear or let-off the pallets. 

DRAW — force exerted by an escape wheel 
tooth upon the locking face of a pallet stone, 
tending to bring the pallet lever against the 
banking pin. 

SLIDE — space or distance a pallet stone 
travels downward on an escape wheel tooth im- 
mediately after the tooth comes to a lock with 
the pallet stone. 

PURPOSE OF THE ESCAPEMENT 

A - watch movement which had only a train of 
wheels and a mainspring would run for a few 
moments at full speed when the mainspring was 
wound. The purpose of the escapement, there- 
fore, is to check the speed of the train, to SLOV/ 
IT DOWN. The escapement allows each tooth 
on the escape wheel to pass at regulated inter- 
vals, which are measured and regulated by the 
balance assembly, without which the oscapement 
could not operate. 

The escape wheel, (fig. 6-20) generally made 
of steel, is the last wheel of the train and is 
staked on a pinion and an arbor. Power is trans- 
ferred from the main train by the escape wheel 
to the pallet. The escape wheel is so constructed 
that the pallet jewels move in and out between 
its teeth, allowing only one tooth to escape 
at a time. 

The pallet jewels are set at an angle to 
make their inside corners reach over three 
teeth and two spaces of the escape wheel. The 
outside corners of the jewels reach over two 
teeth and three spaces of the escape wheel 
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with a small amount of clearance. At the op- 
posite end Cvf the pallet, directly under the 
center of the fork slot is the guard pin (steel 
or brass). The fork is the connecting link to the 
balance assembly. 

The. escape wheel has 15 teeth and makes 
600 revolutions per hour. During a revolution 
of the escape wheel, each tooth delivers TWO 
impulses to the pallet, or 18,000 impulses to 
the balance wheel. This means that the balance 
wheel vibrates 5 times per second, and that the 
power of the mainspring is arrested and re- 
leased every l/5th second by the locking and 
unlockiiife: r.ction of a pallet stone with an escape 
wheel cootn. 

HOW AN E^S^APEMENT FUNCTIONS 

The following discussion of the operation of 
an escapement is for one with fixed banking 
pins, with the roller jewel and both pallet stones 
correctly located. Before we start this dis- 
cussion, however, it is best that we explain the 
meaning of three distinct and different terms 
used in connection with the roller jewel. These 
terms are: (1) ROLLER JEWEL FREEDOM, 
(2) ROLLER JEWEL SHAKE, and (3) ROLLER 
JEWEL CLEARANCE. 

Roller jewel freedom is the difference be- 
tween the width of the pallet fork slot and the 
width of the roller jewel. Note the position and 
the amount of clearance of the roller jewel in 
figure 6-21. 

Roller jewel shake is the space arrange- 
ment between the inside corners of the pallet 
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Figure 6-21. — Roller jewel freedom. 
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Figure 6-22.— Roller jewel shake. 



fork and the front and back of the roller jewel 
at the instant of DROP, as shown in figure 6-22. 

Roller jewel clearance (sometimes called 
fork horn clearance) is the clearance for the 
roller jewel in passing out and past the fork 
horns. See figure 6-23. 

You need to understand the action of the 
roller jewel, and the procedure for examining 
this action follows. 

Roller Jewel Freedom 

Select a good loupe and examine the action 
of an escapement. Move the balance wheel slow- 
ly with the index finger until the roller jewel 
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Figure 6-24. — Unlocking of an escape wheel 
tooth. 



enters the fork slot. Note that this movement 
unlocks the escape wheel tooth. At the instant 
of unlocking of the tooth, the impulse action 
begins, as illustrated in figure 6-24. 

Next, turn the balance wheel slowly enough 
to enable you to observe the travel of the escape 
wheel tooth across the pallet stone (fig. 6-25). 
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Figure 6-23. — Roller jewel clearance. 
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Figure 6-25. — Slide of escape wheel tooth across 
a pallet stone. 
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you can check for roller jewel shake. Move the 
fork back and forth with an escapement trying 
tool or a pivot broach. This action causes 
corner A (fig. 6-27) of the fork slot to touch the 
back side of the roller jewel and corner B to 
touch the flat face of the roller jewel. The fork 
has not yet touched the banking pin. 

Now, reverse the motion of the balance 
wheel, to allow the roller jewel to move the 
fork enough to unlock the escape wheel tooth. 
The impulse now begins; and when it is com- 
pleted, the drop occurs, at which time the es^ 
cape wheel again comes to lock. Study this ac- 
tion in parts A, B, and C of figure 6-28. 

At this point, recheck for roller jewel shake. 
Observe that the shake is equal on both sides, 
indicating that the fork moves as far on one side 
of the center line as on the other side. 



Figure 6-26, — Drop and lock of escape wheel 
teeth. 91,188X 



Observe the position of the roller jewel while 
the slide is taking place. At the exact instant of 
the drop of the tooth from the pallet stone another 
tooth LOCKS on the other pallet stone (fig. 6-26). 

Roller Jewel Shake 

By stopping the motion of the balance wheel 
at the exact instant of the LOCK and the DROP, 



Roller Jewel Clearance 

After you check the escapement for roller 
jewel shake, examine the CLEARANCE of the 
roller jewel as is completely passes out of the 
fork slot. Turn the balance wheel slowly with 
the index finger and observe the roller jewel as 
it gradually passes out of the fork slot and past 
the fork horn. 

As the roller jewel passes the fork horn, 
check for clearance. Study figure 6-29, which 
shows the fork against the Thanking pin at A and 
the r.mount of clearance beSveen the roller jewel 
and the fork horn. 



Guard Pin Shake 
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Figure 6-27. — Checking roller jewel shake. 



Guard pin shake is the distance between the 
guard pin and the safety roller when the fork 
rests against the banking pin. This distance 
should be SLIGHTLY LESS than the lock. 

Check for guard pin shake after the roller 
jewel passes out of the fork slot and beyond the 
fork horn. See figure 6-30, which shows the 
roller jewel completely out ot the fork and the 
guard pin pressed against the safety roller. 
The escape wheel tooth is still safely locked on 
the pallet stone . Note that the fork is NOT 
against the banking pin. When it does touch the 
banking pin, there: will be. a little space between 
the guard pin and the safety roller. 

Checking the Draw 

The function of the draw (draft) on the pallet 
stone and the escape wheel teeth is to hold the 
fork securely against the banking pin during the 
passage of the roller jewel from the fork slot. 
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Figure 6-29. — Cheeking roller jewel clearance, 
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Figure 6-30. — Checking guard pin shake. 



Check the draw at the SAME TIME you test 
for guard pin shake. When the guard pin touches 
the safety roller, quickly release the fork and 
the draw will start. It will immediately pull 
the guard pin away from the roller and hold the 
fork against the banking pin. 



Testing the Slide 

The space a pallet stone travels jdOWN- 
WARD on an escape wheel tooth after the lock 
occurs is called THE SLIDE. Test the slide of 
the pallet stone on an escape wheel tooth by 
quickly moving the roller jewel away from the 
position where you checked the roller jewel 
shake, and AWAY form the LINE OF CENTERS. 



Banking to a Drop 

BANKING TO A DROP is another method for 
checking a watch escapement, based entirely on 
movable banking pins with which millions of 
watches were originally provided.. Becausje many 
of these watches are still in use< it is es- 
sential that you understand the meaning of BANK- 
ING TO A DROP, which can be considered as 
the basic reference for checkftng the LOCK, 
DROP, ROLLER JEWEL SHAKE, and GUARD 
PIN SHAKE. Make the tests in the following 
order: 



BANKING PINS 
ECCENTRIC WITH 
THE SCREWS 



BANKING PIN 
PREVENTS 
FULL IMPULSE 
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Figure 6-31. — First' step in banking to a drop.. 



1. Remove the balance wheel and turn the L 
banking pin as close as possible to the LINE OF 
CENTERS. The fork now rests . against the L 
banking pin, held by the power of the mainspring 
transmitted through the main train to the im- 
pulse faces of the escape *vheel teeth and the 
pallet stones. See figure 6-31. 

2. With the watch held DIAL DOWN in the 
left hand, turn the screw against which the fork 
rests away from the line of centers. 

3. With a good loupe, observe the move- 
ment of the impulse face of the escape wheel 
tooth across the impulse face of the pallet 
stone. As soon as the impulse face of the es- 
cape wheel tooth drops off the R pallet stone, 
another tooth locks itseli on the L stone. The 
lock is about 1/4 the width of the impulse face 
of the pallet stone. (You are interested in the 
AMOUNT OF LOCK just after an escape tooth 
loses contact with a pallet stone.) Turn the 
eccentric banking pin screw JUST ENOUGH to 
allow a tooth to escape a pallet stone (fig. 6-32). 
Bear in mind that the location of the banking 
pins is determined by the position of the pallet 
stones. The farther OUT the pallet stones are, 
the farther AWAY from the line of centers must 
the eccentric banking pin be moved before a 
tooth escapes. 

4* Turn the R banking pin so that it is as 
close as possible to the line of centers, The 
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fork must Ije moved so that it rests against the 
R banking pin, as illustrated in figxire 6-33, 

5. Now turn the screw for the R banking pin 
just enough to allow the escape wheel tooth to 
drop off the L pallet stone (fig. 6-34). The fork 
must then be moved back and forth until the es- 
cape wheel makes one complete turn. The pal- 
let may now be considered as BANKED TO THE 
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Figure 6-33, — Third step in banKing to a drop. 



DROP. When this is so, the fork moves an 
equal distance from each side of the line of 
centers (fig. 6-35). 

6. From here on, with the balance wheel 
and hairspring unit in the watch, check the 
lock, drop, roller jewel shake, and guard pin 
shake as you did for a watch with fixed banking 
pins. Guard pin shake at this point is barely 
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Figure 6-35.— A watch pallet banked to a drop. 
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noticoaljle, not more than 1/2 degree in a light 
lock. As the lock is increased, more guard 
pin shake is permissible, as much as 1 degree. 

7. When the lock, drop, guard pin shake, 
and roller jewel shake arc satisfactory, turn 
both banking pins away from the line of centers 
to check THE SLIDE. Study figure 6-36. Turn 
the pins just enough to allow an increase of 
about 1/3 the lock established wlicn banking to 
a drop. You will now find that guard pin shake 
has been slightly increased on both sides. 

Turn the balance wheel carefully with the 
index finger an''^ observe the slide. Inimediately 
after the drop, as you turn the balance farther 
away from the line of centers, the pallet jewel 
moves down (slides) a short distance on the es- 
cape wheel tooth. Slide is present on each tooth 
of the escape wheel. 

UEPAIKING THE ESCAPEMENT 

On occasions, you will have the responsi- 
Ijility for repairing or replacing major parts 
(escape wheel, pallet,' and roller) of an escape- 
ment. This section takes into consideration the 
procedure for doing this work, and it also ex- 
plains how to position the pallet stones in order 
to have the escapement function properly. 




The tools you need for repairing an escape- 
ment arc shown in figure 6-37. 

Replacing a Holler Jewel 

The procedure for installing a new roller 
jewel is as follows: 

1. Check the size of the jewel in the fork of 
the pallet. A jewel too large will not fit, of 
course, and a jewel too small causes lost mo- 
tion of the pallet. There should be a roller 
jewel clearance (freedom) of .01 mm. for small 
watches, and .03 mm, for 16-size watches. A 
roller jewel must also have correct length, as 
shown in figure 6-38. 

2. Thoroughly clean the roller jewel hole 
with alcohol, so that shellac will adhere to its 
surface (all round). 

3. Use tweezers to insert the roller jewel 
into the hole in the roller. To prevent breakage 
of the jewel, be careful about the amount of 
pressure you exert on the tweezers. 

4. Place the roller (vith or without balance 
wheel attached) in the jewel pin warmer and 
heat the warmer over alcohol lamp. Study 
figure 6-39. 

5. As the pin warmer is heating o^ er the 
alcohol lamp, apply a piece of string shellac on 
top of the impulse roller, directly ove. the 
jewel (fig. 6-39). At this point, make certain 
that the jewel is perpendicular to the roller (be- 
fore it sets). 

6. Dip a piece of pegwood in alooholand re- 
move the excess shellac. 

7. AfL(?r the shellac has had time to harden 
around the jewel, put the balance assembly in 
the watch and check its action with the fork of 
the pallet. 

Installing a Pallet Arbor 

Pallet arbors are of two types, friction- 
fitted and screw. To remove or to install a 
friction-fitted arbor, use a staking punch, as 
shown in figure 6-40. Note the size of the hole 
in the flat-faced punch, and also the size of the 
hole in the stump. The hole in the punch should 
be slightly larger than the pivot rests on the 
shoulder of the arbor. 



The pallet is usuaUy positioned slightly be- 
61.72.6X low the upper pivot of the arbor, but it can be 
Figure 6- 36. — Checking the slide. shifted to any height. 
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Figure 6-37, — Tools used for repairing an escapement. 
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Figure 6-38. — Proper length for a roller jewel. 



A screw-type pallet arbor (fig. 6-41) is 
thi^eaded on its upper shoulder and can be 
screwed into the pallet. Figure 6-4^ shows 
how the arbor can be screwed in or out with a 
pin vise. Observe that the pin vis-^ is secured 
tc the lower shoulder of the arbor. 

Fitting a New Guard Pin 

Remove the old guard pin in the manner il- 
lustrated in figure 6-42, Cut off the small end 
and then push it out with a pair of pliers or 
tweezers. 



Insert a new guard piu in the opposite direc- 
tion; that is, from the pallet side. Force the 
pin friction-tight with a pair of tweezers. If 
you do not have a new guard pin available, in- 
sert a piece of thin brass wire into a pin vise 
and roll-file it on a boxwood slip to a fine 
taper. Then burnish the pin. 

After 3^ou have inserted the new pin, clip it 
off with pliers. Allow just enough length for 
finishing. Finish the tip of the pin with an oil- 
btcne slip in the manner shown in figur^ 6^-43. 
The point of the pin should be so filed that it 
makes a 90° angle, as illustrated. 

Now test the pallet in the watch. If the 
giaard pin shake is excessive, lengthen the pin 
by pressing the thick end closer to the fork. If 
the pin is too long, use an oilstone slip to 
shorten it, still retaining the 90° angle on the 
end. 

Straightening the Pallet Lever 

You can straighten a bent pallet lever by 
placing the pallet on a boxwood slip, with the 
arbor inserted in a hole, and striking the bent 
shank with tweezers until you have it in its 
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Figure 6-39, — Inserting a roller jewel. 



original level condition. Study the procedure 
for doing this in figure 6-44, 



Moving Pallet Stones 

If one pallet stone is moved OUT (toward 
an escape wheel tooth), it causes the pallet 
fork to swing a greater distance fronn the line 
of centers before the lock occurs on the opposite 
stone. If one pallet stone is moved IN (away 
from an escape wheel tooth), the distance the 




PALLET 



STUMP 
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Figure 6-40. — Replacing a friction type pallet 
arbor. 



PALLET 



SCREW 

TVPE 
ARBOR 
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Figure 6-41. — Installing a screw-type pallet 
arbor. 
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OLD GUARD PIN 




NEW GUARD PIN 



FIN PUSHED 
IN THIS DIRECTION 
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Figure 6-42, — Tilting a new guard pin. 



OIL STONE SLIP 
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Figure 6-43. — Putting a 90° angle on a guard pin 
point. 
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pallet swings from Vae line of centers before 
locking with the other stone is reduced. 

Because the movement of a pallet stone af- 
fects the distance the pallet moves, when one 
stone is moved OUT or IN (causing the lock to 
be increased or decreased) the lock on the op- 
posite stone is increased or decreased by the 
same amount. For example, if you move the R 
stone out a small amount, you increase the lock 
on the L stone the same amount. At the same 
time, the pallet moves closer to the L banking 
pin at the instant of lock, permitting less slide. 
See figure 6-45. 

When you must move a pallet stone out or 
in, proceed as follows: 

1, Remove the pallet from the watch and 
place iu upside down on a pallet warmer, with 
the lower pivot placed in the hole provided in 
the movable arm, 

2, Warm the shellac holding the pallet stones 
by heating the pallet warmer over an alcohol 
lamp, CAUTION: Overheating causes shellac 
to spoil. 

3, Remove the pallet warmer from the lamp, 
and remove the pallet stone(s) in or out with a 
nickel or brass tool (fi^\ 6-37), 

4, Remove the pallet from the warmer. Lift 
straight up in order to keep :ne stones level 
with the body of the pallet. 

5, Dip a piece of pegwood in alcohol and re- 
move the excess shellac. 

G, Replace the balance wheel in the watch 
and determine the amount of travel of the pallet 
from the line of centers' by testing the roller 



jewel shake. If the distance of the pallet from 
the line of centers is greater than before at the 
instant of lock? the roller jewel shake has in- 
creased. If the pallet is closer to the line of 
centers at the instant of lock, the roller jewel 
shake has decreased. 




.APPLY DOWNWARD 
PRESSURE AND 
STROKE 




WOOD BLOCK 



HOLE TO PROTECT 
PALLET AR80R 
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Figure 6-44. — Straightening a pallet lever. 
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Figure 6-45. — How the moving of a pallet stone affects lock and slide. 



91.201X 



PALLET STONE RULE: If the lock is TOO 
LIGHT, pull OUT the stone opposite the LESSER 
jewel pin shake. If the lock is TOO STRONG, 
push IN the stone opposite the GREATER jewel 
pin shake. 



HAIRSPRING MANIPULATION 

The word MANIPULATION, when used in con- 
nection with hairsprings, refers to such things 
as: (1) determining the strength of a hairspring, 
(2) pinning a hairspring in a collet, (3) over- 
coiling a hairspring, (4) vibrating a hairspring, 
and (5) truing a hairspring. 

You must be able to true a hairspring in 
the. flat and in the round. To do so, you must 
first learn the basic principles for manipulat- 
ing hairsprings. Through actual experience in 
Navy instrument shops, you will learn how tc 
accomplish all phases of hairspring manipulat- 
ing. 



COLLETING 

The inside coil of a hairspring must be at- 
tached to a collet which fits snugly on the top 
shoulder of the balance staff. The procedure 
for doing +hi£ is kncv/n as COLLETING. Coi- 
leting is delicate work which requires skillful 
use of proper tools: coUetin^; arbor (tool for 
holding the collet), 3-pdwer l.oj.pe, pair of cut- 
ting pliers, pair of long-nose pliers, pair of 
regular over-coiling pliers, and two pairs of 
fine steel tweezers. These tools are illustrated 
in figure 6-46. CAUTION: Some Instrumentmen 
like to use a high-power loupe for doing this 
work, but continual use of such a loupe causes 
eye strain. 

Removal of Inner Coils 

The first principal step in colleting is the 
removal of as much of the inner end of a hair- 
spring as is necessary to make room for the 
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1. Colleting arbor. 

2. Tweezers. 

3. Snipe-nose 

pliers. 



4. Hairspring-truing 

calipers. 

5. Side-cutting pliers. 

6. Loupe 




91.202X 

Figure 6-47. — Inner coil dimensions of a hair- 
spring. 



1.21X 

Figure 6-46. — Tools used in manipulating hair- 
springs. 



collet. This means that you must break out an 
inner coil(s) of the hairspring. 

When a collet is placed in the center of a 
hairspring, the space from the edge of the col- 
let to the first inner coil is 1 1/2 times as great 
as the space between any other coils in the 
spring. For example, if the collet diameter is 
0.070 inch, which is true of the collet shown 
in figure 6-47, and the space between the coils 
is 0.006 inches, the distance between point A and 
point B should be 0.091 inch. Note that the dis- 
tance bet^veen point B and the second coil is 
0.006 inches, and that the distance between the 
collet and point A is 0.009 inches. This means 
that this collet is correctly positioned in the 
middle of the hairspring. 

To break out the inner coils of a hairspring, 
proceed as follows: 

1. Measure the diameter of the collet. 

2. Measure the distance between coils in 
the spring. 

3. Select a spot on a coil where the distance 
between the spot and the collet is 1 1/2 times 
the distance between any two coils of the spring. 



4. With a pair of tweezers, grasp the coil 
at the selected spot and exert enough pressure 
to prevent slippage. See A in part X of figure 
6-48. 

5. With another pair of tweezers, grasp the 
coil to be broken at point B (part X, fig. 6-48 ) 
and pull out as far as necessary to break it. 
Another way to break the coil is to bend it back 
and forth. 

6. Put the collet back in the middle of the 
hairspring and check measurements for accu- 
racy (part Y, fig. 6-48). 



COLLET 





91.203X 

Figure 6-48. — Procedure for breaking out the 
inner coil. 
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I'*orm:ng the Tongue 

The SECOND STEP in colleting is making 
the tongue, which is that portion of the inner 
coil (line AB in part W of fig, 6-49) which fits 
in the pin hole in the collet. 

The following procedure for forming a tongue 
on the inner coil of a hairspring is recom- 
mended: 

1, Lay the hairspring flat on a bench. 

2, Grasp the inner coil with apair of tweez- 
ers at point A (part X, fig, 6-49), 

3. With a second pair of tweezers, grasp 
the end of the coil at B (part Y, fig, 6-49) and 
bend the coil in the direction indicated by the 
arrow. Avoid a sharp i?end at point A, With 
experience, you will le^rn the CORRECT A- 
MOUNT of bend to put on the coil at this point, 
4. Straighten the tongue by grasping it with 
one pair of tweezers at the point indicated by 
BEGIN HERE in part Z of figure 6-49 and by 
straightening it out gradually with another pair 
of tweezers between the BEGIN HERE and END 
HERE points. Use gentle pressure with the 
second pair of tweezers, and pinch and pull 



COLLET 






BEGIN HERE 

END HERE 




on the coil until you have it perfectly straight. 
This is not a difficult task, but it does require 
care, 

Pinning-In 

Pinning-iii is the process of fastening the 
hairspring to the _'ollet. The procedure for 
doing this follows: 

1, Place the collet on a colleting arbor with 
the top of the collet facing up and the pinhole 
fac ing you . Study parts W and X of figure 
6-50. 

2, Grasp the inner coil with a pair of tweez- 
ers just back of the bend made to form the 
tongue (B in part Y, fig, 6-50) and bring the 
spring down over the too of the colleting ar- 
bor, with the tonr^e in direct line with the 
collet pin hole (D in part X, fig. 6-50), 

3, Grasp the colleting arbor with the left 
hand and turn it counterclockwise to the ex- 
tent necessary to bring the pin hole of the 
collet into direct line with the hairspring, ton- 
gue (part Z, fig, 6-50), 

4, Hold the collecting arbor firmly with the 
left hand ^nd insert the tongue in the pin hole. 
Use the thumb and first finger of the right 
hand to support the hairspring and to prevent 
if from tipping, CAUTION: Do NOT distort 
coils in the spring. 



TOP OF COLLET 





\ 


^ PIN HOLE 


^^^^ 




(ENLARGED COLLET) 



w 






91,204X 91,205X 
Figure 6-49, — Forming the tongue of a hair- Figure 6-50, — Inserting hairspring tongue in a 

spring, collet. 
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5, Grasp the big end of a tapered brass 
pin with a pair of tweezers and insert it in the 
collet pin hole at D (fig. 6-51). Push the pin 
in tight enough to hold it in position, 

6, Measure the distance between the collet 
and point B (fig. 6-51), and also the distance be- 
tween point B and the second coil in the spring. 
If the distance between B and the collet is 1 1/2 
timos the distance iDetween B and the second coil, 
the tongue is correctly pinned in the collet hole. 

7, If the tongue is not correctly pinned, 
loosen the metal pin sufficiently to enable you 
to move the tongue IN or OUT, as necessary. 
Your measurements must be accurate. 

Tightening Pin in Collet 

The procedure for tightening the tapered 
metal pin in the collec hole lS as follows: 

1. With a pair of snipe-nose pliers, grasp 
the small end of the tapered pin and pull it tight, 
using a pulling and tWK^^ing mtDtion. Study figure 
6-52. 

2. Turn the colleting arbor in a clockwise 
direction until you have formed a 90° bend in 
the pin (fig. 6-53 top.) 

3. Turn the arbor in a counterclockv/ise di- 
rection until the pin breaks off. (fig. 6-5 bottom.) 

4. To break off the lEU^ge end of the coVieting 
pin, make the 90° bend by turning the arbor in a 
COUNTERCLOCKWISE direction and break the 
pin off by turning the arbor in a CLOCKWISE 
direction. 

Before you remove the collet and hairspring 
from the colleting arbor, make a check to de- 
termine whether: (1) both ends of the colleting 




Figure 6-52. — Tightening the l^rass pin in a 

collet. 91.20"X 



pin are broken off cleanly at the collet, (2) the 
pin is tight in the collet hole, and (3) any inside 
coils are bent or distorted. CAUTION: If inside 
coils are bent or distorted in any manner, dis- 
card the spring. 

Staking Collet on Balance Staff 

The five steps discussed next are recom- 
mended for staking a collet on a biilance staff. 
Use a staking stand. 



DIRECTION OF TURN 




90^ BEND 





DIRECTION OF 

TURN TC BREAK OFF 
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Figure 6-51. — Pinning hairspring tongue in a 
collet. 



Figure 6-53. — Breaking off the ends of a colleting 
pin. 91.208X 
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Figure 6-54. — Nomenclature of a balance as- 
sembly. 

1. Select a stump with a hole slightly larger 
than the roller shoulder of the staff, but smaller 
than the roller table seat (fig. 6-54). 

2. Place the selected stump in the staking 
table and insert the balance staff in the stump, 
as shown in figure 6-55. 

3. Select a staking punch with a hole slightly 
larger than the collet shoulder of the balance 
staff, but smaller than the outside diameter of 
the collet (fig. 6-55). 

4. Lay the hairspring and collet on the balance 
staff with the top side of the collet up, and 




91.210X 

Figure 6-55. — Collet forced into position with a 
staking punch. 



position the spiral of the spring counterclockwise 
from the pinning point. 

5. Bring the staking punch down on the col- 
let and gently force the collet onto the collet 
shoulder to seat it firmly. Study figure 6-55. 
The friction between the collet and the collet 
shoulder must always be sufficient to hold the 
spring in place. 

When you finish the staking process, dip the 
entire assembly in a good cleaning solution and 
properly rinse it. Next, dip the assembly in 
alcohol and dry it in a box containing wood saw- 
dust. Then put the balance unit in calipers and 
remove small particles of sawdust withacameTs 
hair brush. 

HAIRSPRING TRUING 

Hairspring truing is the procedure of locating 
the collet so that it is flat and exactly in the 
center of the coils of a hairspring. This operation 
is necessary to correct errors resulting from 
the breaking out of coils, forming the tongue, 
and pinning the tongue in the collet hole. Attaching 
the hairspring to the collet requires so much skill 
that it is almost impossible to do it without the 
introduction of errors^ The following discussion 
tells you how to locate and how to eliminate 
these errors. There are generally two types of 
errors in a hairspring: (1) errors in the round, 
and (2) errors in the flat. These are discussed 
separately. 

Errors in the Round 

To check a hairspring for errors in the round, 
secure the balance wheel and hairspring in 
calipers in tlie manner illustrated in figure 
6-56 and observe the action of the spring as 
you s.owly rotate the balance wheel with the 
side of the index finger. If the first three or 
four inside coils appear as perfect circles, the 
hairspring is TRUE IN THE ROUND. If the 
coils seem to jump or describe irregular cir- 
cles as the balance wheel rotates, there is an 
ERROR IN THE ROUND. 

Turn now to figure 6-57 and check some 
hairsprings which have erros in the round. 
The first part of this illustration shows a hair- 
spring which is true in the round, so compare 
all the other hairsprings in the illustration with 
this one. The type of error for each hairspring 
is listed beneath it. Pay particular attention to 
the DEGREE OF ERROR IN THE ROUND in 
each hairspring. 
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After you locate errors in the round in a 
hairspring, your next task is to eliminate them 
by bends properly made in the coils of the hair- 
spring. You can make these bends while the 
balance wheel is supported in calipers. Make 
them on the l/8th part of the first coil near the 
elbow of the bend made to form the tongue. 

Study next figui^e 6-58 which shows the 
procedure for correcting «. i t i .'or in the round 
as a result of the tongue's having been INSERTED 
IN TOO FAR in the collet hole. To correct this 
error, do the following: 

1. Grasp the inside coil with tweezers at 
point A (part X, fig. 6-58) and bend by coil 



AWAY from the collet, as indicated by the 
arrow. 

Figure 6-56. — Checking hairspring for errors irx 2. Grasp the inside coil at point B (part 

the round. 91.211X Y, fig. 6-58) and bend the coil TOWARD the 




PERFECT TONGUE IN TOO FAR TONGUE OUT TOO FAR 




TONGUE NOT 8ENT ENOUGH TONGUE BENT TOO MUCH TONGUE BENT TOO MUCH 

AND IN TOO FAR 
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Figure 6-57. — Typical hairspring errors in the round. 

er|c 



r 



INSTIIUMENTMAN 1 & C 






Figure 6-58, —Correction of an error in the round (tongue inserted in too far). 
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collet. When you finish with this bend, the 
position of the collet with respect to the coils 
of the spring should be as indicated in part Z 
of figure 6-58. 

If you pin the tongue of a hairspring TOO 
FAR OUT of the collet, the hairspring will have 
an error in the round. Make correction by bend- 
inp: tl^e inner coil in the manner described in 
the next two steps, 

1. Place the tweezer points on the collet 
and the elbow of the tongue at the spots in- 
dicated by A and B in part X of figure 6-59 
and gently squeeze IN on the coil at point B, 
as indicated by the arrow. 

2, Grasp the inside coil at point C (part Y, 
fig. 6-59) and bend the coil AWAY FROM the 
collet. Part Z of figure 6-59 shows the results 
of your bending. 



On occasions, an error in the round of a 
hairspring is caused by NOT BENDING THE 
TONGUE ENOUGH AT THE ELBOW. You can 
correct such an error by grasping the inside 
coil with a pair of tweezers at point A (part Y, 
fig. 6-60) and by bending the coil TOWARD THE 
COLLET, Correction of this error is illustrated 
in part Z of figure 6-60. If you bend the tongue 
TOO MUCH at the elbow, you can make cor- 
rection by grasping the inner coil at the same 
point as just explained and by bending it AWAY 
FROM THE COLLET, 

At times , you may bend the tongue TOO 
MUCH and also pin it in TOO FAR. This is a 
double error you can correct by making two 
'fiends: 

1. Grasp the inside coil with tweezers at 
point A, illustrated in part X of figure 6-61, 
and bend the coil AWAY FROM THE COLLET. 
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Figure 6-59. — Correction of an error in the round (tongue pinned too far out). 
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Y Z 
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Figure 6-60,— Correction of an error in the round 
(tongue not bent enough at elbow). 



2. Grasp the inside coil at B (part Y, fig. 
6-61) and bend the coil TOWARD THE COLLET, 
as indicated by the arrow. After you properly 
manipulate the hairspring to correct this error 
in the round, its position relative to the collet 
is as illustrated in part Z of figure 6-61, 

Other errors in the round can be corrected 
by making bends on the inner coil next to the 
elbow at the CORRECT SPOTS and in the PROP- 
ER AMOUNT, With practice, you will learn 
how to correct all types of errors in the round. 
Procedures for doing the work are essentially 
the same for all types of hairsprings, 

ERRORS IN THE FLAT 

A balance wheel and hairspring are shown in 
figure 6-62 in the correct position in calipers 
for checking errors in the flat. The horizontal 
plane of the hairspring should be parallel with 
the horizontal plane of the collet. 



Six major errors in the flat may be intro- 
duced into a hairspring by the colleting process, 
as follows: 

1, The point of the tongue, represented by A 
in figm^e 6-63, may be bent downward in re- 
lation to the spiral portion of the spring. If this 
condition exists, all coils of the spring are 
HIGH oi^posite the pinning point, 

2, The end of the tongue may be bent up- 
ward (fig, 6-63), causing aU coils of the spring 
opposite the pinning point TO BE LOW, 

3, The flat face of the tongue MAY NOT BE 
FIXED in a vertical position, 

4, The flat face of the tongue MAY BE 
FIXED AT AN ANGLE, 

When condition 3 or 4 exists, the spiral 
portion of the spring is HIGH or LOW, 90° from 
the pinning point, 

5, The end of the tongue may be fixed TOO 
LOW in the pin hole of the collet, causing all 
coils to be HIGH opposite the pinning point, 

6, The end of the tongue may be fixed TOO 
HIGH in the collet hole, causing all coils to }je 
LOW opposite the pinning point. 

After you true a hairspring in the flat, check 
it again for errors in the round. Then recheck 
it for errors in the flat that may have occurred 
while you were truing the spring in the round, 

HAIRSPRING VIBRATING 

When you repair a watch or clock, you must 
know how to select the R iHT hairspring for 
a given balance wheel, T spring must be of 
such length and strength that it will cause the 
balance wheel to vibrate a certain number of 
times p hour, Th^ process for selecting a 
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Figure 6-61. — Correction of an error in the round (tongue 'Dent too much and pinned in too far).' 
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N ROUND AND FLAT. 



Figure 6-62. — Checking a hairspring for errors in the round and in the flat. 
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Figure 6-63. — Hairspring errors in the flat. 



hairspring with such characteristics is called 
HAIRSPRING VIBRATING. The vibrating point 
of a hairspring IS THE POINT WHICH IS LO- 
CATED between the regulator pins of a watch. 

Before we consider the details of hairspring 
vibrating, it is best that we first define two 
words, VIBRATION and OSCILLATION. If the 
prongs of a tuning fork are struck on a desk and 
then held free, they vibrate and oscillate. When 
a prong of the tuning fork swings in one direction 
as far as the fork frame permits it to go, it 
VIBRATES; when the same prong returns to its 
starting position, it VIBRATES A SECOND TIME. 
A vibration, therefore, is a SINGLE SWING 
from one extreme limit to 
limit of an oscillating body; 
sists of TWO VIBRATIONS. 

The property of a metal rod or body which 
causes it to vibrate is ELASTICITY. If the free 
end of an elastic rod (prong of tuning fork, for 
example) is set in motion by external force, 
it continues to vibrate at a constant rate until 
all the energy stored up in it by the force which 
sev it in motion is expended. This quality of 



the other extreme 
an oscillation con- 
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elasticity of a metal rod led to the development 
of the haii^spiMng, so called because of its deli- 
cate natui'e. 

The idea was conceivi^d by watchmakers that 
if a fine steel rod were formed into a spiral 
and its outer end attached to the pillar plate of 
a watch and its inner end connected to the bal- 
ance v/heel, when set in motion, the balance 
wheel would vibrate a number of times per 
second. They learned that the number of vi- 
brations per second was dependent upon the 
LENGTH ajid STRENGTH of the spring and the 
WEIGHT Oi the balance wheel. These tlu-ee 
factors must therefore BE CONSIDERED when 
you select a hairspring for a particular balance 
wheel. 

Now study figure 6-64, which shows a por- 
tion of a hairspring. Note all dimensions, par- 
ticularly THICKNESS, which is referred to as 
the STRENGTH of a hairspring. The strength of 
hairsprings is generally indicated by a numl^er 
on the box in which the manufactiu^er ships them. 
In the Swiss system, these numbers range from 
18 to 96 — the lower the number, the THICKER 
and STRONGER the spring. 

All stock hairsprings of a GIVEN NUMBER, 
however, do NOT HAVE the same strength and, 
for this reason, you must use ANOTHER METH- 
OD for determining which hairspring to nse 
for a specific balance wheel. The method for 
making this determination is known as HAIR- 
SPRING VIBRATING. 

Before you vibrate a hairspring, make a 
preliminary check TO DETERMINE ITS SUIT- 
ABILITY for the watch in which you intend to 
use it. This check may save you TIME and 
LABOR. 



THICKNESS OR STRHNGTH 
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^ Figure 6-64. — Dimensions of a hairspri, .g. 
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Preliminary Check of a Hairspring- 
Suppose you need a hairspring for an average 
watch whose balance vibrates 18,000 times per 
hour (300 times per minute) and you* have avail- 
able hairsprings whose numbers indicate they are 
close to what you need. How can you make a 
preliminai'y check to determine their suitability 
(individually) for the balance wheel in question? 
Proceed as follows: 

1. Attach the new spring to a balance wheel. 

2. With a pair of tweezers, grasp the spring 
a short distance from Its outer end and let the 
balance assembly hand by its own weight, as 
illustrated in figure 6-65. 

3. Count the spaces between the coils, down- 
ward from tiie point of suspension. If your 
count is 8 or 9, and if there are NO LESS THAN 
12, and NO MORE THAN 14 whole coils between 
your tweezers and the pinning-in hole in the 
collet, the spring IS SUITABLE for the balance 
wheel. 

The spot at which you FIRST GRASP the 
hairspring may not give you the correct count 
of whole coils between your tweezers and the 
pinnlng-in hole in the collet. When this is true, 
experiment with different spots until you locate 
the CORRECT SPOT on the hairspring which 
gives you the desired count. You will then find 
that the diameter of the spring is approximately 
EC;'JAL TO THE RADIUS OF THE BALANCE 
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Figure 6-65,— Preliminary check of a hairspring. 
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12 TO 14 COILS 




V2 BALANCE 
K-DfAMETER^ 
-BALANCE DIAMETER- 



91,221X 

Figure 6-66, — Diameter of a correct hairspring 
equals the radius of the balance wheeL 



WHEEL (fig. 6-66). Observe that the hairspring 
illustrated has 12 to 14 coils. 

Methods of Vibrating 

Two different methods are generally used 
for vibratinghairsprings, OSCILLATION COUNT- 
ING and MASTER BALANCE. Each method is 
discussed in sufficient detai' to enable you to 
understand how to use it. 

OSCILLATION COUNTING. METHOD. --The 
proceduie lor selecting a hairspring for an 
average watjh whose balance wheel oscillates 
150 times per minute, using the oscillation 
counting method, is outlined in the folloving 
paragraphs; 

1. Pick up the hairspring with tweezers at 
the point you located diuring the preliminary 
test, and then lower the balance assembly until 
the lower balance pivot touches the crystal of 
a watch with a second hand, as illustrated in 
figure 6-67. 

2. Grasp the balance wheel with the right 
hand and turn it counterclockwise to puv. the 
tension in the hairspring. 

3. Suddenly release the balance wheel to 
allow the hairspring to put it into vibration. 
Observe the extreme position of the balance arm 



DIRECTION OF V*M>MION 
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Figure 6-67, —Oscillation counting method of 
hairspring vibrating. 



of the wheel and then note the position of the 
second hand of the watch. 

4. Begin with zero and count every OTHER 
vibration of the balance wheel. 

For a vibrating hairspring whose count Is to 
be 18,000 vibrations per hour, the agreement 
(coincidence) of count with fhe second hand is 
as follows: (Use every other vibration as a 
count of one. Two vibrations ecfual one oscilatlon.) 

2.5 counts 1 second 

5 counts ' . . '2 seconds 

10 counts , 4secondrj 

25 counts 10 seconds 

75 counts 30 second'i 

175 counts 60 seconUs 



•If your count shows 25 for each 10 seconds, 
the balance wheel and hairspring undergoing 
the test are vibrating 18,000 per hour, the cor- 
rect number of times desired. For the sake of 
accuracy, however, always make your count 
over ONE FULL MINUTE. If the count is greater 
than 150 for a minute, or more than 25 for 10 
seconds, the length of the hairspring is TOO 
SHORT. If the count it: less than 150 for a full 
minute, or less than 25 for 10 seconds, the hair- 
spring is TOO LONG. 
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The point at which you grasped the hair- 
spring with tweezers for making your CORRECT 
COUNT should be located l^etween the regulator 
pirxS of the watch. In other words, the active 
length of a hairspring terminates at theregulaior 
pins, which is the POINT OF VIBRATION. Study 
figxire 6-68. The actual length of the hairspring 
ends at the stud. Enough spring must therefore 
extend l^eyond the vibrating point to allow for 
studding (fig. 6-68) » 

When you stud a hairspring, center the regu- 
lator on the balance bridge (fig. 6-68) and hold 
the spring with the tweezers at the regulator 
pins (vibration point). Then micKe a measui'e- 
ment on the outer coil of the spring from the 
vibration point toward the end of the spring, equal 
to the distance from the regulator pins to the 
stud, plus enough spring to go through the stud 
(fig. 6-68). Allow just a bit of the outer coil 
to extend through the stud and break it off at 
this point. 

MASTER BALANCE METHOD.— The way to 
find the vibrating point of a hairspring by the 
master balance method is to compare the rate 
of oscillation of the balance wheel and hair- 
spring with that of a master balance, shown 
in figure 6-69. 



DISTANCE TO BE ADDED TO SPRING 
AT VIBRATING POINT \ 
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Figure 6-68. — Vibrating point of a hairspring. 
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Figure 6-69, — Vibration counting with a master 
balance. 



A master balance is a tool with a master 
balance wheel and hairspring enclosed in a glass 
covered case for protection. The balance wheel 
is accurately adjusted to vibrate 18,000 times 
per hour. It has a pair of tweezers secured to 
the end of an adjustable horizontal arm that 
extehds over the face of the balance for holding 
a balance wheel undergoing a test. By means of 
adjustment screws, you can move the tweezers 
up and down, or out or in from the upright rod 
which holds the horizontal arm. The tweezers 
have a plunger for opening and closing the 
jav/s. The balance also has a starting lever 
for starting the balance wheels in motion, and 
a stop button for stopping them from vibrating. 

The procedui^e for locating the vibrating 
point of a hairspring with a master balance 
follows: 

1. Place the outer coil of the hairspring 
between the tweezer jaws, as illustrated in fig- 
ure 6-69. 

2. Unscrew the lower adjustment knob and 
lower the tweezers enough to bring the lower 
pivot of the test balanc wheel into contact with 
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the glass cover above th3 mastei" balance wheel. 
Contact with the glass cover over the master 
balance steadies the test balance while it vi- 
brates and makes observation easier. 

3. Adjust the arms of the test balance wheel 
by turning the master balance tweezers in their 
friction support. 

4. Start the master balance by depre'^sing 
and releasing the starting lever, which gives^ 
the starting impulse to the master aad test 
balance wheels simultaneously. 

5. Watch the arms of both balance v/heels 
as they vibrate. If they are in exact synchro- 
nization with each other, the tweezers are hold- 
ing the test hairspring at the EXACT POINT 
OF VIBRATION. If one balance wheel begins 
to move out aheac of the other, THAT WHEEL 
IS THE FASTER. 

6. If the test balance v/heel steps out of 
synchronization first, the active len^"^.h of its 
spring is TOO SHORT. Depress the stop button 
of the master balance and reset the tweezers 
so as to increase the active length of :''.e test 
hairspring. Re-start the master balance and 
observe the arms of the two balance wheels. 
Continue increasing or decreasing the af .ive 
length of the test hairspring until you have the 
bala.nce wheels in perfect synchronization. 

After you find the vibrating point of a hair- 
spring, you can then proceed, with the studding 
operr^tion, described 'under the - OSCILLATION 
COUNTING method of hairsfJring vibratir.;;. 

OVbRCGILING 

Overcoiling is the process of forming the 
outer coil of a hairspring in a manner that will 
ensure the following cohditibns when the hair- 
spring is operating 'in a watch: 

1. The center *of gravity of the spring con- 
sistently COINCIDES with the axis of the balance 
staff. 

2. As the spring winds and unwinds, its 
coils remain concentric with tho axis of the 
baL^ce staff, and its elastic force increases 
and decreases in proportion to the ai^gle of ro- 
tation of the balance wheel from the line of 
centers. 

3. The spring DOES NOT CAUSE the balance 
pivots at any point in their angular movement 
to exert a side thrust or pressure against their 
jeweled bearings. 

4. The balance unit makes each swing (vibra- 
tion) in the SAME AMOUNT OF TIME regardless 



of the size of the arc and impulse causes it to 
make while travelling. 

A balance unit which operates in the manner 
just described is called an ISOCHONAL BAL- 
ANCE UNIT; that is, the torque on the balance 
staff is always directly proportional to the angle 
through which the balance turns. 

A "flat hairspring has a characteristic that 
jDauses its coils to bunch together first on one 
side of the balance staff and then on the other 
as it /ibx'ates. Because of this action, a side 
thx'ust (pressure) is created iDetween the balance 
pivots and their jeweled bearings. 

As a flat hairspring is wound, the pressure 
(Fide thrust) is exerted in a direction AWAY 
from the regulator pins. See part A of figure 
6-70. As the spring unwinds, the side thrust 
is exerted TOWARD the regulator pins (part B, 
fig. 6-70). This pressure causes an unequal 
turning action (torque) on the balance staff — 
thie greater the swing of the balance, the greater 
the side thrust and resulting friction. 

This torque means that energy received by 
the roller jewel from the pallet does not ALL 
GO into winding and unwinding the hairspring — 
some of it is dissipated in overcoming friction. 
Because of this, the force exerted on the balance 
staff by the hairspring is NOT DIRECTLY PRO- 
PORTIONAL to an angle through which the bal- 
ance staff turns. A watch with such a hairspring 
GAINS in the high arcs and LOSES* in .the low 
arcs of motion. In other words, it is NOT an 
isochronal hairspring. 

In order to overcome the lack of uniformity 
in rate of a flat hairspring, watchmakers- knew 
they would have to alter the shape of "the hair- 
spring in a manner thai would ensure uniformity 
of rate in HIGH and LOW arcs of motion.* As a 
result of their ideas and experiments, a new 
type of hairspring was developed. 

Breguet (Overcoil) Hairspring 

A Swiss horologist, Louis Breguet, conceived 
the idea that if the outer coil of a flat hairspring 
were bent up and laid over the top of the main 
body of the spring the spring would wind and 
unwind concentrically — it would be free of side 
thrust, and the force on the balance would be 
proportional to the angle through which it turned. 

At first, Brequet made two bends (up to get 
the rise, then down to get the coil in a horizontal 
plane) in the outer coil of a hairspring op- 
posite the mouth of the collet and brought the 
coil straight across the hairspring to the stud. 
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Figure 6-70. —Characteristics of wound and unwound flat hairsprings. 



This type of overcoil, however, produced an 
error opposite the one produced by a flat 
iiairspring — a faster rate in the low arcs of 
motion than in the high arc. Bregxiet therefore 
decided that between the two extremes there 
must l^e a place to lay the overcoil which would 
cause the balance wheel to make its vibration in 
the same time, regardless of whether it swung in 
a high or low arc of motion. Becau^.^ he DID 
I-TND the correct place to lay the. overcoil on 
a hairspring to give it isochronal qualities, the 
overcoil hairspring is frequently called the BRE- 
GUET HAIRSPRING. 

Three basic tj^es of overcoiltj in hairsprings 
are in common usa today. See figure 6-71. 
When you select one of these overcoils for use 
on a hairspring, take into consideration the 
location of THAT PORTION of the overcoil 
represented by AB in figure 6-71 in relation to 
the balance staff. If line AB is loc*ated too close 
to the ba.lance staff, the watch Vv'ill GAIN in the 
low arcs and lose in the high arcs of motion. 
If A B is located TOO FAR FROM the balance 
staff, the watch will have a losing rate in the 
low arcs and a gaining rate in the high arcs. 

Overcoiling Procedure 

In making an overcoil on a hairspring, avoid 
weakening or damaging the spring by A SHARP 
BEND. It is best for you to practice making 



bends on an old hairspring* unt^l you learn the 
technique for making them correctly. 

Two types, of tweezers are used in making 
overcoils, as shown in fif^iU'C G~7ii. liegular 
overcoiling tweezers have ends made in various 
widths for different sizes of springs. The inside 
of one leg is convex; the cpj^osite leg is conca\'i\ 
which means that when closed tiie legs fit closely 
together. Knee-bend overcoiling tweezers aro 
good for making a variety of adjustments on 
springs of different sizes. Study the enlarged 
portion of the t\veezer points in figure 6-72.. . 
To prepare these tweezers for use, make two 
adjustments: (1) adjust the width of the slot in 
the tweezers by the slide and small setscrew 
A; and (2) regulate the distance apart the tweezer 
points should be when closed by setscrew B. 
The last adjustment determines the an^ie of 
rise of the overcoil from tiie main body of the 
spring. With practice in making bends on a 
discarded hairspring, you will soon learn how 
to adjust and use overcoiling tweezers. 

Suppose you need to put an overcoil on a 
hairspring like the one illustrated by B in fig- 
ure 6-71. What procedure would you follow to 
make this overcoil? The discussion in the next 
paragraphs explains the procedure. 

THE FIRST BEND.— Start the first bend of 
the overcoil at point A, about 270° from the stud 
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Figure 6-71.— Three basic types of hairsprings ovcrcoils. 




REGULAR OVERCOILING TWEEZERS 
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Figure 6-72, — Overcoiling tweezers. 
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(partX, fig. 6-73). NOTE: This angular measure- 
ment varies with different sizes and types of 
balance units. Suspend the spring with a pair 
of ordinary tweezers and allow the balance 
wheel to hang by its own weight, as shown at 
T (about 46'* to the right of A) in part Y of 
figui^e 6-73. Then insert the hairspring in the 
slotted end of the knee-bend tweezers (concave 
part below slotted part) and apply pressure 
to put as much bend in the coil as setscrew 
B in the tweezers aUows. When you remove 
the tweezers from the coil, your bend should 



look like the one illustrated by A in part Z 
of figure 6-73. This is about a 25® rise from 
the main body of the spring. 

THE SECOND BEND. — The second bend in 
the coil is located at B (parts X, Y, and Z of 
fig, 6-74). The purpose of this bend is to bring 
the overcoil into a plane parallel with the main 
body of the spring. The location of point B is 
determined by the height desired for the over- 
coil above the spring. This bend is usually 
2 1/2 times the width of the spring (part Z, 




Y 
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Figure 6-73. — Making the first bend of an overcoil. 
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height equals times the 
'width of spring 




Figure 6-74. — Forming the second bend of an dvercoil. 
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fig. 6-74). To make the bend, use two steps: 
(1) grasp the coil with ordinary tweezers at 
T, about 45*^ from point B; and (2) apply the 
knee-bend tweezers at,-B (concave part above 
slotted part) and press them together as much 
as possible. When the bend is completed, the 
hairspring will have the appearance of the one 
shown in part Z of figure 6-74. 

After you make the bend of the overcoil at 
B, you will find that the overcoil is not exactly 
parallel with the main body of the spring— a 
point 180*" from B is TOO LOW. To make the 
overcoil parallel with the rest of the spring, 
grasp it a little io the left of bend B with a 
pair of ordinary tweezers held upright in thL^ 
left hand and bend the overcoil toward you with 



another pair of tweezers placed upright on the 
overcoil slightly to the right of B. 

THE THIRD BEND.— Make the third bend in 
the overcoil at point C (fig. 6-75). Use a pair 
of regular overcoiling tweezers to effect this 
bend, about 45*" from bend A. Execute the bend 
by grasping the overcoil at point C with the 
convex leg of the tweezers nearest the balance 
staff and by squeezing the tweezers until you 
have the overcoil at"" point D nearly halfway 
between the outer coil and the collet. 

THE FOUIITH BEND. — The fourth bend of 
the overcoil goes at point E (fig. 6-75). To get 
the correct position for this bend, measure 
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Figure 6-75.^ The third bend of an overcoil. 



the distance from the hole jewel in the balance 
bridge to the regulator pins. This bend is the 
regulator circle (avc^ in the outer coil, and it 
is the final step in overcoiling. The reg-alar pins 
are mechanically held ot a fixed distance from 
the hole jewel and mov^e in an arc of i circle, 
For this reason, the part of the overcoil that 
lies in the path of the regulator pins must be 
a perfecc arc of a circle and be free of small 
kinks; otherwise, proper regulation of the watch 
wiiri^e ^impossible. 

Yoii oai: form the regulator circle in the 
outer coil of a hairspring in two ways: (1) 
grasp the overcoil with tw^eezers (perpendicular 
to. the. spring) at E and, through proper ap- 
plication of pressure, form an arc which looks 
like the one from E to the stud in figure 6-76; 
and (2) grasp and push on the outside of the 
coil with another pair of tweezers until you 
form an aic between E and the point where 
you applied the pressure, CAUTION: If you 
apply pressure TOO CLOSE to point E, you will 
make a I'.nik in the coil. Continue in this man- 
ner to form a second portion of the regulator 
circle, and then continue as necessary until 
you finish the J^.ic. 

Gradual Bend Method of Overcoiling 

Another method for tending the outer coil 
of a hairspring in order to form an overcoil 
is used to such an extent that it warrants ex- 
planation. It is known as the GRADUAL BEND 
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Figxire 6-76. — Making the fourth bend of anovei- 
coil. 



METHOD. The piocedure for forming an over- 
coil by tuis metnod follows, 

First, make the initial bend at A (part X, 
fig. 6-77), about 350' from the stud. NOTE: 
This measurement varies in accordance with 
requirements for different balance units. Grasp 
the unstaked hairspring at A with a pair of 
ordinary tweezers held vertically against the 
bench surface with the left hand. With another 
pair of tweezers, held vertically in the right 
hand, grasp the coil about one millimeter to the 
right of the other tweezers, Hold the tweezers 
in the left hand still and tilt the tweezers in the 
right hand toward your body. .This movement 
bends the spring in such manner that point B, 
180° away, is the hi;rhe_st point. Then put another 
bend in the spring at A. in order to raise point 
B UP 2 1/2 times the width uf the spring. 

Next, turn the spring clockwise until point 
B is near you, and grt'sp it at this point with a 
pair of tweezers held in the right hand and 
against the bench surface. About one milli^ 
meter to the left, grasp the spring with the other 
pair of tweezers heja in the left hand. NOTE: 
Keep inner surfaces of the tweezers in the same 
plane as that of the portion of the hairspring to 
be bent. Hold the left hand steady and tilt the 
tweezers in the right hand until the top comes 
toward you. This manipulation bends the part 
of the overcoil between B and the stud upward. 
Put enough bend in the o\^ercoil at B to bring it 
into a plane parallel to the main body of the 
spring. 
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Figure 6-77. — The gradual bend method for- forming an overcoil. 
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With regula.^ overc oiling tweezers, make the 
FIRST INWARD BEND at point C, 90° from point 
A. Exei^t enough pressure on the tv/eezer^ to 
move point B almost halfway between t^*: collet 
and the outer coil (part Y, fig. 6-77). Using the 
?ame tweezers, make the next bend at D, where 
the overcoil crosses over the second coil. 

Use either of the overcoiling methods just 
described to form the regulator nrcle from 
point D to the stud. Make a knee-be id overcoil. 
Part ^ of figure 6-77 shows how thi completed 
overcoil and spring look- 
Finishing Procedure 

When you form an overcoil on a hairspring 
in the correct manner (parallel with the main 
body of the spring, properly circled, centered), 
and with the regulator pins correctly located, 
no finishing touches are required. The only re- 
maining thing to do is to put the balance unit in 
the watch. 

If an overcoil does not have the character- 
istics listed in the previous paragraph, one of 
the following conditions is probably causing the 
imperfection: 
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Figxire 6-78. — Overcoil circled between regula- 
tor pins. 



1. The height of the overcoil above the main 
body of the spring is INCORRECT. 

2. The overcoil is NOT PARALLEL to the 
hairspring body. 

3. The distance of points, C, D, E, F, and G 
from the balance staff ARE NC ; UNIFORM 
(fig. 6-78) 

4. Tne hairspring stud IS NOT PLACED at 
a proper angle to the hairspring. 

5. Tlie hairspring IS BENT at the entrance 
to the stud (G in fig. 6-78). 

6. The distance from the balance staff to 
the center line of the regulator pins IS NOT 
UNIFORM. 

Vou can correct tlie first three conditions 
by bending and reforming the overcoil. Center 
the stud on a line passing thi^ough it and the 
center of the collet. 

If you l^ent the overcoil TOO FAR TOWARD 
the balance staff when you seciured it to the 
stud, it will strike against the inner regulator 
pin and throw the remainder of the overcoil out 
of position. Move the regulator to the SLOW 
side of the balance cock (point F). Then move 
from SLOW to FAST (from F to Dy. If the 
overcoil moves AWAY from the balance staff 
as you move the regulator pins from F to D, 
the end section of the overcoil is not properly 
circled and must be corrected, as follows: 

1. Move the regulator pins as close as pos- 
sible to the stud and bend the overcoil OUT and 
AWAY from the balance. 

2. Move the regulator pins from SLOW to 
FAST and observe the action of the overcoil. 
If it remains MOTIONLESS, your bend in the 
overcoil was sufficient to make proper cor- 
rection. 

If when securing the overcoil to the stud 
you bend it TOO FAR AWAY from the balance 
staff, it will strike against the outer regulator 
pin and throw the rest of the coil TOO FAR OUT 
from the balance staff. Move the regulator pins 
from SLOW TO FAST and observe the action of 
the overcoil. If it moves TOWARD the balance 
staff, make necessary corrections (with regu- 
lator pins straight) by bending the overcoil 
TOWARD the balance staff. With a strong loupe, 
check this part of the overcoil by moving tne 
regulator pins slowly to their different positions, 
with the balance wheel . stopped and the roller 
jewel in the fork '^lot. 
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Watches and clocks used aboard ship and 
throughout the Navy must be reliable and ac- 
curate; and when maintained in excellent operat- 
ing condition, they generally have these at- 
tributes. As an Instrumentman, it is your 
i^esponsibility to overhaul and repair watches 
and clocks, including proper adjusting and regu- 
lating. 

Before you can qualify for advancement to a 
Chief Instrumentman, you must know such things 
about watches and clocks as common causes of 
motion variation between dial-up and l2-up po- 
sitions, operation of a watch rate recorder and 
interpretation of data obtained thereby, and the 
accepted techniques of testing for and correcting 
positional and isochronal errors. 

Watch and clock adjusting may be defined as 
the ELIMINATION OF CONDITIONS in a watch 
or clock which affect the degree of accuracy of 
which the timepiece is capable. Watch adjusting 
is normally limited by definition to the correction 
of errors or faults in the hairspring and balance 
wheel which interfere with accurate timekeeping. 
This definition, in essence, is true; because the 
balance assembly is the timekeeping mechanism. 
The mainspring, the main train, and the escape- 
ment serve only to keep the balance in motion* 
When these parts of a timepiece are functioning 
perfectly, adjusting does consist of the correction 
of conditions which adversely affect satisfactory 
operation of the balance assembly. 

Adjustments made on watches and clocks to 
improve their accuracy are generally classified 
Under three headings; 

1, Temperature adjusting (compensations 
for). 

2, Isochronal adjusting (elimination of 
isochronal errors), 

3, Position adjusting (adjustments with 
PENDANT UP, PENDANT DOWN, DIAL UP, 
and so forth). 



These three types of adiustnients are dis- 
cussed in detail in this ch^^ .er. At this time, 
however, it is best to take into consideration the 
operation of a watch and clock timing machine, 
and to explain how data o))tained by testing a 
watch or clock on this machine can be used in 
making adjustments to the timepiece. 



TIMtNG MACHINE 

A timing machine is a mechanism which re- 
cords the operation of a m-^chanical timepiece 
on a strip of special chart paper. One type of 
timing machine is illustrated in figure 7-1. 

A timing machine m'\kes a dot on the chai^t 
every time the timepiece undergoing a test 
TICKS, and it can determine in 30 seconds how 
FAST or SLOW it will run in 24 liours. The 
completed chart consists of a sequence of these 
dots across the chart, 

TYPES OF TIMING MACHINES 

There are two basic types of timing machines: 
(1) drum, and (2) continuous-tape. The one shown 
in figure 7-1 is a drum ^ype, wliich makes a 
line of dots from left to right on a chart. Be- 
neath the clamp which holds the clock on the 
machine is a sensitive pickup which detects the 
impulse from the escapement. When amplified 
by the timing machine, this impulse drives a 
stylus which prints * the impulse on the chart, 
A perfectly adjusted escapement produces only 
one line on the paper, but some clock movements 
may produce records with double lines and still 
keep accurate time, 

A continuous-tape timing machine makes a 
row of dots on a tape which unwinds from top to 
bottom, A vertical row of dots indicates NEITHER 
a GAIN nor a LOSS of time. If the of dots 
slopes to the left, the timepiece is running 
SLOW; if the row of dots slopes to the right, 
the timepiece is running FAST, 
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?Mgxire 7-1 » — Timing machine. 



TIMING MACHINE DATA 

A timing macliine chart record of ticks may 
be used to tell exactly how fast or how slow a 
watch is running; and the chart record may also 
\je useu by an experienced watch repairman to 
diagnose certain troubles in the instrument being 
tested. 

By studying a chart produced on a continuous- 
tape timing macliine, you can tell whether the 
timepiece undergcin-^' a test is losing or gaining 
time by the angle oi the row of dots away from 
the vertical line, which indicates perfect time- 
keeping. The angle indicates the number of 
seconds per day the timepiece is GAINING or 
LOSING, A convenient angle-measuring device 
graduated in seconds per day is mounted over 
the tape. 

A horizontal line of dots on a chart produced 
by a drum-type timing machine indicates that a 
timepiece being tested is NEITHER LOSING 
nor GAINING time. WQien the row of dots rises 
upward (left to right), the instrument is gaining 
time. U^en the row of dots fall downward (left 
to right), the timepiece is LOSING time. The 
chart paper is marked with ruled lines which 
show the GAIN or LOSS per day in seconds, 
indicated by the rise or fall of the dots from the 
horizontal line. 



Take a look now at figure 7-2, which shows 
four different records of a watch taken on a 
drum-type tini'ng machine. Record A repre- 
sents the watch EXACTLY on time. Record B 
shows that the watch is gaining 15 seconds per 
day. Record C represents the watch losing 30 
seconds per day. Record D {prepared in 15 
seconds) represents the watch losing 30 seconds 
per day. 

Illustration 7-3 shows two different records 
of a timepiece. The double lines on this chart 
represent the difference in time between the 
TICK and TOZK, and the TOOK and TICK. Wnen 
a timepiece is in perfect bt^at, this separation 
(two lines of do^'''* may be caused oy excessive 
SLIDE of the escapement. In generp.i, however, 
if the two lines are parallel, the timepiece is 
accurate. 

Many watches have luipoised balance and 
hairspring assem))lies, resulting \a differences 
in rate in various vertical positions. Study 
figure 7-4. Recoids A, C, and E show a watch 
in acceptable condition. Records B and D show 
that the watch is out of balance in these particu- 
lar positions. If the watch is not affected in po- 
sitions A, C, and E (and the recordings of B and 
D are such that these two positions do not ex- 
ceed accepted limits for this type of wa^3h), 
the waich is acceptable. 
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Figure 7-2.— Timing machine records of a watch. 



157 



INSTRUMENT^ AN 1 & C 



B 



91.257 

Figure 7-3. — Two records of a watch which is 
gaining 15 seconds per day. 



Records A, B, and C of figure 7-5 show 
tiree positions of a watch in which the regulator 
pins may be excessively far apart. The hori- 
zontal rate is approximately correct, but the 
PENDANT DOWN (D) and PENDANT UP (C) 
rates are slow. Records D, E, and F show the 
rate of the watch in the same three positions 
after the regulator pins were closed sufficiently 
to obtain proper action of the hairspring be- 
tween them. Moving of the regulator pins in 
this manner has the effect of making the watch 
run faster in all positions, but the change in the 
vertical position rates is greater than the change 
in the horizontal position rates. This action 
brought the position error into ACCEPTABLE 
LIMITS. Records D, E, and F show that the 
watch is gaining 3 minutes every 24 hours 
in the horizontal position, but correction can now 
be made by adding balance weights, rather than 
by manipulating the regulator pins. 

The hairspring is responsible for much of the 
ordinary trouble in a timepiece, particularly with 
respect to its relation with the regulator pins, 
and also in regard to defects in the escapement. 
Refer to figure 7-6. Record A of this illustration 
may indicate that the hairspring bears harder and 
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Figure 7-4. — Record of a watch with an out-of- 
poise balance. 
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Figure 7-5. — Record of a watch with improperly 
adjusted regulator pins. 
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Figure 7-6, — Record of a watch which has poor 
adjustment of the hairspring and regulator pins^ 
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Figure 7-7. — Rate records of a watch with de- 
fective fourth wheel or a eluding second hand. 



longer against one of the pins. Record B may 
show that one of the pins is bent at an angle, 
or that trouble exists in the receiving stone 
of the .pallet. Records B and C may indicate 
improper locking of the escapement. Record 
C may indicate trouble in the discharge stone 
of the pallet. Record D shows good adjustment 
of the hairspring and escapement, but it may 
indicate that the movement would perform better 
if it were in beat. The lines on the chart would 
then be closer together, as indicated by record 
E. 

The chart in figure 7-7 shows trouble in a 
watch caused by a defective fourth whoel or a 
second hand binding or rubbing on one side. If 
the fourth wheel (normally makes one complete 
revolution per minute) is out of round, or has a 
bent pivot or arbor, it causes a change in the 
amount of power delivered to the escape wneel 
and the balance assembly. Thi$ causes a change 
in the rate of the watcii, as does ths rubbing or 
binding of a second hand.- 

Next, study the record shown on the chart 
in figure 7-8, which shows that dirt or a binding 
in the main train or of the mainspring in the 
barrel is causing a change in the power de- 
livered to the balance assembly. 

ERLC 
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Figure 7-8. — Record of a watch wbich has bind- 
ing parts or is dirty. 
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Records A, B, und C in figure 7-9 may in- 
dicate that the escape wheel is out-of- round or 
has a burr on its pinion. Such a condition mriy 
cause a change 10 times per minute. Record 
A may indicate that the wheel is out-of~ round 
or not exactly centered in its arbor. Record B 
may show that the pinion alone is defective 
and that the escapement is not affected thereby. 
Record C may indicate that the pivot or artor 
is causing the trouble. Record D indicates that 
the escape wheel has a mutilated tooth but that 
adjustment of the watch is otherwise acceptable. 

In figure 7-10 you see record A of a watch 
which shows a condition of overbanking (exces- 
sive balance motion); and also record B, which 
shows a record of the same watch after a new 
mainspring was installed. 

Study next figure 7-11, in which record A 
may indicate that the watch has a loose pallet 
stone on the discharge side. Record H may in- 
dicate that the watch has a loose banking pin on 
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Figure 7-10,— Record of a watch with excessive 
balance wheel motion (before and after correction). 



91.263 91.265 
Figure 7-9.— Record of a watch ,vith an escape Figure 7-11. — Record of a watch with defective 
wheel out-of-round or with a burr on its pinion. locking of the escape wheel. 
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the receiving side. In addition to these defects, 
the record may show excessive slide in the es- 
capement. The upper or lower line of the record 
may be an indication of the side on which the 
slide must be reduced. Proper adjustment of 
the escapement will bring the lines together. 



ADjrSTM KxVTS FOR TEM PKUATIJRE 

A })alance wheel of a good watch today is 
nr.irie of solid, monometallic metal which re- 
quires no temperature compensation (adjust- 
ments). The Svime thing is true for a good 
clock. The wheel l3 made of brass or beryllium 
ulloy. The hairspring used with the balance 
wheel is also made of m«'Btal or an alloy (nickel, 
steel, chromium) which is practically insen- 
sitive to normal temperature changes. 

Because many watches and clocks in use 
today do not have the newest types of balances, 
it is necessary that you know liow to adjust them 
In order to compensate for temperature change s» 
The first balances in watches did not have ANY 
MEANS built into them to compensate for changes 
in high and low t'^mperatures. As a result, be* 
casue metal ex]Dands when hot and contracts 
when cold, the balance wheel and hairspring 
(made of soft metal) expanded in diameter dur- 
ing hot weather and decreased in diam-^ter dur- 
ing cold weather. The increase and decrease 
in the diameter of the balance wheel and hair- 
spring made the watch itm slower in hot weather 
and faster in cold weather. 

Watch manufacturers then conceived the idea 
of making a balance wheel with built-in compen- 
sation for changes in temperature. They made 
the rim of the balance wheel of fused steel and 
iDrass, with the brass portion (about 3/5 of the 
total thickness) on tlie outside. Because the co- 
efficient of expansion of brtss is greater than 
that of steel, the free endcs of^ a cut balance 
wheel made of these metals cu'rl IN and OUT 
slightly with changes of temperature and there- 
fore slightly change the diameter of the balance 
wheel. 

The ends of the balance wheel are forced 
outward during cold weather. 

This type of balance wheel (bimetallic) was 
more satisfactory than the monometallic type, 
but the free ends were not forced inward to the 
same extent in INCREASED temperature as they 
were moved outward with DECREASED tem- 
perature. In other words, the bimetallic balance 
Jid not entirely meet the error in rate of run- 
ning of a watch in hot and cold temperatxires; 



so, other means were devised for obtaining 
a better compensation for tem'Dcrature changes. 

Temperature compensation in watches with 
bimetallic, cut balance wheels is obtained, by 
balance screws in the rinis There are usually 
twice as many holes in the rim of the wheel 
as there are screws; so if the rate of the watch 
varies in different temperatures, you can com- 
pensate for the variation by moving the screws 
in opposite pairs closer to or farther away from 
the open ends of the balance. If a wutch loses 
time in hot weather, shift opposite parts of 
screws TOWARD the open ends of the balance; 
if the watch gains in hot tenvjeratures, shift 
opposite pairs of screws AWAY from the open 
ends of the balance. 



ISOCHRONAL ADJUSTING 

An isochronal hairspring applies ti rque on 
the balance staff directly proportional to the 
angle through which the balance turns — the en- 
ergy stored in the hairspring by the impulse 
from the escapement releases itself In the form 
of equal torque on the balance staff. As used here, 
equal torque means that all of the energy stored 
in the hairspring is utilized in returning the 
balance wheel to its neutral position— no energy 
is lost to side thrust on the balance staff pivots* 
The purpose of isochronal adjustments, there- 
fore, is to establish the force of the hairspring 
in a manner that will ensure an equal rate for the 
watch in the HIGH and LOW arcs of motion. 

If a watch is properly adjusted for isochron- 
ism, it will run uniformly for 24 liours. It may 
gain or lose during this period, but it MUST n.m 
uniformly. Bends in the overcoil of a hairspring, 
affect the isochronal qualities of the spring. Bends 
in the overcoil of a hairspring when the balance 
is out of the 'Watch tend to affect the free end 
(REGULATOR .CIRCLE). Bends in the overcoil 
when the br lance is in the watch tend to push the 
spring against one of the regulator pins. Isochronal 
adjusting is closely associated to the FINISHING 
PROCESSES you studied under hairspring mani- 
pulation. 

CHECKING ISOCHRONAL RATES 

With a timing machine, you can check the 
rate of a watch at 10 different motions, begin- 
ning with l/2 turn and increasing the motion in 
steps of l/8th turn through 1 5/8th turns. 
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Figure 7-12, — Rates of watches with different 
shapes in the overcoils of their hairsprings. 



Figure 7-12 shows the watch rates of four 
separate tests, each made with a different shape 
of the overcoil in the hairspring. See lijnjre 
7-13. 

The rates obtained from the four tests are 
shown in figure 7-14 in which the rates of the 
watch in seconds for 24 hours are plotted ver- 
tically and the motion of tlie balance wheel is 
plotted horizontally. 

In the first test, .the . isochronal curve is 
designated CURVE ESTABLISHED DY OVEi^- 
COIL AT a. An analysis of the rates from the 
first to the fourth test' does not definitely es- 
tablish the overcoil as being located exactly 
at a, b, or c. This test shows that (.he portion 
of the overcoil from c to b is too far away from 
the. balance staff, because the rate is slow in the 
low arcs and faster in the high arcs. 




91.267X 

Figure 7-13. — Position of overcoils for watch 
rates listed in illustration 7-12. 
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Figure 7-14. — Chart of watch rates listed in il- 
lustration 7-12, 



In test number two, the overcoil was bent to- 
ward the §taff. The isochronal curve for this 
test is marked CURVE ESTABLISHED BY OVER- 
COIL AT 6, Here the overcoil is TOO CLOSE 
to the balance t'taff, because the rate has re- 
versed itself and is fast in the low arcs of 
motion and slow in the high arcs. 

The third test (overcoil between b and c) 
shows a slight improvement over th3 second 
test, but it indicates that the overcoil is still 
too close to the balance staff. 

Observe in illustration 7-1 2 that the de- 
viation of the rate of the watch is at a minimum 
with the overcoil at c, which indicates that this 
overcoil is "located close to the theoretically 
correct position. In other words, for a watch in 
good condition, with the regulator circle of its 
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hairspring overcoil ventured between the regu- 
lator pins (tightly eIo?^ecl), the ideal shape and 
position of the overcoil lesci.ihle the overcoil 
at c in figure 7-1 3. 

ADJUSTING {^L'GrLATOK i>INS 

Always take into consideration the position 
of regulator pins when you make eorreetions for 
isochronal errors. So mo watehmakers advocate 
that isochronal :uul position errors can l)e cor- 
rected by opening or elosing the regulator pins. 

As a general rule, liie regulator pins of a 
watch should be ALMOST closed. An opening of 
0.0003 inch is necessar>' to allow the overcoil to 
slide freely between the pins; but the maximum 
opening of the pins should not exceed 0.0006 
inch. You can cheek th.ese measurements with a 
feeler gage, and observe them 'vlth a strong 
loupe, Wlien a watch is in service, opened regu- 
lator pins introduce erroi'S into its rate of 
operation in a vei'tical pof inofi. II' the pins ai'e 
opened when the overcoil is centered Ixjtween 
them, the watch LOSl-iS more and more as it 
runs down. If tlie overcoil i)ears MOUL on one 
pin than on the otlier, the WLitch GAINS more 
and more as it runs down. C)pening the pins 
may also damage tlie \'alue of the regulator. 

You can test the elfect of OPIvViNG and 
CLOSINC'r the regulator pins of a watch on its 
isochronal rate in tJie sami* manner as ex- 
plained above ^or l;ending the overcoil. Study 
figure 7-15, whieii gi\-es tlie rates of a watch 
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with the regulator pins set in four positions. 
Note that for the first test the pinswere CLOSED 
TIGHT. Wliile you are studying this illustration, 
compare the results of the test with the curves 
drawn- on the chart in figure 7-16, The rates of 
the twelve motions of the balance wheel are shown 
by the four curves on the chart. 

The motion of the balance wheel is plotted 
horizontally and the RATES are plotted verti- 
cally. The time variation is given in r inutes 
and seconds, and each vertical interval on the 
chart represents 15 seconds per 24 hours. 

An analysis of the results of the tests shows 
that the first test (curve No, 1, pins closed) gave 
the best isochronal rate. The second test (curve 
No, 2, pins opened 0,0006 inch) shows that the 
rate in the lower arcs of motion is relatively 
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Figure 7-15. — Watch rates with r >gxilator pins in ^Figure 7-16.— Chai;t of watch rates with regula- 
four different positions. tor pins at four different positions. 
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slower than the rate in those same arcs with 
the pins closed. The third test (curve No. 3, 
pins opened 0.002 inch) shows the effect on the' 
isochronal rate of opening the pins wider. The 
fourth test (curve Mo« 4) shows the rate of the 
watch when the pins are open to contact the 
spring at the end of a 90° swing. Contact be- 
tween the hairspring and regulator pins results 
in an extreniel}^ slow rate in the low arcs of 
ni'Mion and a vapidly increasing rate in the high 
ares, caused by the shortening of the spring by 
this contact. 

If the regulator pins are opened more than 
the amount for any of the tests just described, 
the watch has a slower rate, especially in the 
low arcs of motion. If the points are left WIDE 
OPEN, the watch loses about 10 minutes per day. 
It is best to open the regulator pins a very 
small amount, usually '^o more than 0.0003 
inch. 

Modern watches are adjusted for isochx^onism 
by manufacturers and no further adjustment is 
required unless the watch is seriously damaged. 
When you must adjust a watch for isochronal 
errors, therefore, follow this rule: KEEP THE 
PINS ALM' )ST CLOSED; AND HAVE THE OVER- 
COIL HIT I30TII PINS WITH EQUAL FORCE. 
Study figure 7-17 which shows the overcoil 
between the pins in four different positions. 



POSITION ADJUSTMENTS 




Pins closed 



MAXIMUM OPENING 
OF TKE PINS SHOULD 
NOT EXCEEOO.O006'. 
PIHS OPEN 0,0006 ♦ 
WILL REQUIRE 
OVtRCOIL TO BESET 
TOWARD THE 
POSITION 



rs OP 



OINS OPENED 0 0005' 

o 



AS THE PtNS ARE 
. . OPENED OVERCOIL 
MUST BE MOVED 
TOWARDS STAFF TO 
CORRECT TENDENCY 
TO LOSE IN LOW 
ARCS OF MOTION 



PINS OPeHBPO'OOOb" 



CONTACT AT --TURN 
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Figure 7-17, — Overcoil with regul ^ tor pins closed 
and opened (varying amounts). 
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You will have to adjust for POSITION almost 
every watch or clock you repair. In order for 
the balance and hairspring to ae*". as a perfect 
vibrating system, the balance wl.eel mast be 
aftected only l.)y the energy stored in the hair- 
spring. When there is no friction on the balance 
pivots and tlie balance wheel is free to oscillate 
without influence fru:-n an outside force (such as 
the escapement), the only conditions /omitting 
temperature) which affect the action of the bal- 
ance wheel are GRAVITY and MAGNETISM. 
These conditions, however, may affect the bal- 
ance of a watch and its timekeeping qualities 
and make corrective adjustments necessary. 
Gravity always has some effect on the vibrating 
of a watch; and if the watch is OUT OF POISE, 
the force of gravity accentuates this condition 
and causes appreciable changes in the rate of 
the watch. These rate changes are particularly 
noticeable in the vertical positions (12, 
6, 9, and 3 UP), the ones generally used 
for testing* 



The names of watch positions used for test- 
ing are as follows: 

1. Vertical: 

a. 12 UP is PEf DANT UP (PU). 

b. 6 UP is PENDANT DOWN (PD). 

c. (UP is PENDANT RIGHT (PR). 

d. 3 UP is PENDANT LEFT (PL). 

2. Horizontal: 

a. DIAL UP (DU). 

b. DIAL DOWN (DD). 

Watjhes with the best movements are usually 
adjusted to live positions: PU, PR, PL, DU, and 
DD. Navy clocks are adjusted to TWO positions: 
DD and PU. 

HORIZONTAL POSITION ADJUSTMENTS 

You can use a timing machine to test the 
running of a watch in the horizontal positions 
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(DU and DD), or you can check it for 24 Jiours 
in each position with a timepiece of known 
accuracy. CORRECT ANY VARIATION between 
the DIAL UP and, DIAL DOWN positions. There 
are many faults, in fact, which will cause a 
variation between the running of a watch, in the 
dial up and dial down positions ^ some of which 
are: 

1. Dirt or thick oil in balance hole jewel(s). 

2. Burred or manned balance pivot. 

3. End of one balance pivot flat or rough. 

4. Balance pivot bent, 

5. Ends of balance pivots of different ^fprm. 
<>. Haii»spring rubs on balance arm, stud^ or 

regiilatlng pins. 

7. Hairspring not level, • 

8. OvercoU rubs center wheel. 

9. Overcoil rubs under balance cock. 

10. Balance pivots fit too tight in jewels. 
!!♦ One balance pivot has excessive side shake. 

12. Escape or pallet pivot bent or damaged. 

13. Balance endstone pitted or out of flat. 

14. Overcoil rubs outside coil where it curves 
over the spring. 

15. Balance arm touches pallet bridge. 

16. Balance screw touches balance bridge. 

17. Safety roller rubs plate or jewel setting 

18. Fork rubs impulse roller. 

19. Roller jewel too long; rubs on guard pin. 

20. Pivot(s) dry. 

After you correct all faults that interfex^e 
with the accurate running Oi a watch in the hor- 
izontal positions, you must then adjust the arcs 
of motion in the vertical positions to equal the 
rate made by the horizojilal positions. 

VERTICAL POSITION ADJUSTMENTS 

The factpr .which probably has the most effect 
on the timekeeping of a watch in. the vertical 
positions is poise, which requires detailed con- 
sideration at this point. 

The purpose of POISING a balance wheel is 
to distribute the mass (weight) of the wheel evenly 
around the axis of rotation, so that the effect of 
the force of gravity is minimized. Weight, by 
definition, is merely the amount of force exerted 
on an object by gravity. It is obvious, therefore, 
that If there is a point on the rim of a balance 
wheel which is heavier than other points, that 
point will be pulled down. In short, the balance 
wheel (without the influence of the hairspring 
or any other force) rotates until the heaviest 
part finally settles at the lowest point. 



How Gravity Affects Poise Error 

The effect of gravity on the poise error of a 
watch is shown in figure 7-18. Assume that a 
balance wheel is out-of-poise because of a 
HEAVY POINT so located that when the balance 
staff lies in a hoxMzontal plane (watch in PEND- 
ANT UP position) and is at rest in the zero posi- 
tion, the center of gravity in the balance wheel 
is directly below the rotation center (part A, fig. 
7-18). If the balance wheel is in motion but mov- 
ing LESS THAN one turn (less than 180'' each 
side of the neutral (zero) position) when the bal-- 
ance wheel comes to rest at the end of the out- 
ward swing, the heavy point will be near the top 
of the wheel (part B, fig. 7-18). At this point, 
all energy in the vibrating assembly is potential 
enex^gy stored in the hairspring. 

As the energy in the hairspring is transferred 
into motion, the force of gravity acting on the 
heavy point adds additional energy to the balance 
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Figure 7-18.-' Forces of hairspring and gravity 
acting in different 'arcs of motion. 
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in the same direction as the energy of the hair- 
spring. This extra energy .intensifies the force 
exerted on the balance wheel and makes the watch 
mn faster. 

Now assume that the heav^. point on the rim 
has reached the bottom of its path, when all the 
energy is stored in the balance wheel — none in the 
hairspring. As the balance wheel moves past the 
neutral position, part of this energy is stored in 
the hairspring and part of it is used in raising 
the heavy point (part C, fig. 7-18). The balance 
wheel passes through a shorter arc of motion; 
tliat is, it takes less timo to complete an oscil- 
lation and the watch mns faster. 

If the balance wheel is in motion and moving 
through MORE THAN one turn (over ISO"* each 
side of the neutral position), as illustrated in 
part D of figure 7-18, during the first part of 
its path (until heavy point is lifted 180°) gravity 
is opposing the action of the hairspring. During 
this arc of motion the balance wheel moves more 
slowly, as if acted upon by a weaker hairspring. 
After it passes the 180° point, it moves more 
rapidly down tov/ard the zero point, because the 
effect of the hairspring is strengthened by the 
energy added by the HEAVY point. In other words, 
the effect of gravity on the heavy point causes 
a slower motion in the first portion of the path 
and a faster motion in the second part. 

Experience has shO'Vn that a swing of about 
1 l/4 turns of a balance wheel is the ideal mo- 
tion^ because smaVi out-of-poise errors are 
neutralized at this point. Few watches maintain 
this motion for a 24 hour period, however, so it 
is necessary to poise watches. When you are 
locating the theoretical heavy point of a balance 
during the poising operation, -make certain that 
the watch is less than HA£f WOUND. Yo . al- 
ready learned that you can*redistributetheN\eight 
on the rim of a balance wheel by undercutting 
screws, moving screws, pr adding weight to 
screws with washers. 

Tests for Position Errors 

An out-of-poise watch with a heavy point in 
the position of part A of figure 7-18 was tested 
for position, .errors (changes of rate under vary- 
ing arcs of motion). The rates of motion from 
240® to 444® were taken in successive steps at 
two positions, 12 UP and 6 UP. The results of 
this test with the watch running at 11 different 
arcs of motion are listed in figure 7-19. 
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Figure 7-20 depicts graphically the rate 
variation of the watch tested in different verti- 
cal positions (arcs of motion). Observje the 
amount of turn for each curve. Curye No. 1 
shows that the two positions which have the 
greatest variation in rate are PL and PR. The 
distances of the extreme points on curves No. 1 
and No. 3 from Mie horizontal axis indicate that 
the watch is out-of-poise. Curve No. 3, repre- 
senting the results of the test after the motion 
of the balance wheel was reduced from 1 l/4 
turns to 7/8 turn, shows that with this change in 
the arc of motion all the fast rates have changed 
toward SLOW and theslow ones have changedto- 
ward FAST. 

The variations in rate of a watch in all verti- 
cal positions (with different arcs of motion) can 
always be observed by plotting a chart of the 
type shown in figure 7-20. In practice, however, 
the quickest way to locate a poising error is to 
use a poising tool. 

Correction of Heavy Point 
Poise Error 

If you use rate-variation curves to find the 
exact location of the HEAVY POINT on a balance 
wheel, note first the positions which show the 
faster rate. Ciirve No. 3 in figure 7-20, for ex- 
ample, shows the greatest variation in rate at 
the PR position. This indicates^ therefore, that 
the HEAVY POINT is at PL. To correct this 
poise error, proceed as follows: 

1. Let. the mainspring down. 

2. Place the watch movement in a vertical 
position, PU, on the workbench, with the balance 
wheel facing front. 

3. Make a drawing of the balance wheel, 
showing LINE OF CENTERS, location of balance 
arms, and the roller jewel. Indicate the position 
of the heavy point at the bottom of the balance 
wheel. 

4. Wind the mainspring slightly, enough to 
keep the balance wheel moving at 1/2 turn. This 
causes the heavy point to move 90® to the left and 
to the right. 

How Heavy Point Affects Watch Rate , 

When a watch is in the PENDANT UP posi- 
tion and has a heavy point at the BOTTOM of its 
balance wheel, -it is apparent that: 

1. If the motion is less than 444®, the rate 
is faster in the PENDANT UP position than in 
the PENDANT DOWN position* 
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Rate (in seconds) at Arc of — 



Position 


270" 


290" 


330* 


350" 


360" 


380" 


400" 


420" 


438° 


442° 


444" 


12 UP 


+ 57.0 


4- 46.0 


-f 37.0 


+33.0 


+ 12.6 


-02.8 


-01.5 


-08.8 


-15.5 


-17,8 


-17.4 


6 UP 


- 74.4 


- 71.6 


- 64.0 


-59,0 


-44.2 


-34.6 


-27.0 


-23,8 


-18.0 


-18.8 


-17.4 


Difference 


+131.4 


4-117.6 


-flOl.O 


+92.0 


-56.8 


+31,8 


+25.5 


+15.0 


+02.5 


+01,0 


00 
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Figure 7-19, — Differences between watch rates for varying arcs of motion. 



2, If the motion is over 444^ the rate is 
faster in the PENDANT UP position than in the 
PENDANT DOV^ position. 

In other words, when the force of the hair- 
spring and the effect of gravity on the heavy point 
both act in the SAME direction, the rate of the 
watch is fast^ When the effect of gravity on the 
heavy point is in the OPPOSITE direction from 
the force of the spring, the rate of the watch is 

SlOV'. 

From the previous discussion, it appears evi- 
dent that when the HEAVY point is at right angles 
to the PU position the effect of gravity on this 
point does noi affect the rate in the PU or in the 
PD POSITIONS, for the PL and PR positions are 
then on the axis of greatest vibration. To deter- 
mine the rate variations of a watch in the various 
vertical positions, we must measure the rate in 
each position* The results of such measurements 
are shown in figure 7-21, 



CURVE NO. I -lA TURN^ 




12 t Z 3 4 5 6 7 6 6 lO II 12 
NgMCPALS UP IK VCRTICAL POSITION 



The measurements listed in figure 7-21 were 
taken with a timing machine for all 12 positions. 
The arcs of motion used for the test were 1 
l/4 turns, 1 l/4 minus turns, and 7/8 turn. A 
comparison of the rates measured with those of 
the opposite points UP gives the results tabu- 
lated in the VARIATION column. For example, 
at the PU position the watch rate is 6 seconds 
slow (-06) per 24 hours, but at the PD position 
the rate is 1 second slow (-01) per 24 hours. 
The watch tested, therefore, is running 5 seconds 
slower each day in the PU position than in the 
PD position, giving a variation in rate of 5 sec- 
onds. In the PR position the rate of the watch is 



WATCH RATES: RATES AND RATE VARIATION (Seconds 
Per 24 Houra) AT VERTICAL POSITICJKS FOR DIFFERENT 

ARCS OF Motion 



Pcaltlon 


1% Turn 


1^ Minus Turn 


Vh Turn 


(up) 


(460') 




(au'> 




Rate 


VarUtlon 


Rate 


Variation 


Rate 


Variation 






(Mcond.) 


iteeonda) 




(tecofuta) 


i»econd») 


12 


-06 


-06 


0 


0 


+02 


+01 


1 


+21 


+39 


+01 


+01.5 


-13 


-25 


2 


+35 


+61 


+01.5 


+02.6 


-21 


-36 


3 


+39 


+69 


+01.5 


+03.6 


-24 


-42 


.4 


+34 


+61 


+01 


+03 


-21 


-36 


5 


+22 


+41 


+00.5 


+02.6 


-U 


-26 


6 


-01 


+05 


0 


0 


+01 


-01 


7 


-18 


-39 


-00.5 


-01.5 


+ 12 


+26 


8 


-26 


-61 


-01 


-02.6 


+ 15 


+36 


9 


-30 


-69 


-02 


-03.6 


+ 18 


+42 


10 


-27 


-61 


-02 


-03 


+ 15 


+36 


22 


-10 


-41 


-02 


-02.5 


+ 13 


+26 


12' 


-06 


-05 


0 


0 


02 


+01 
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Figure 7-20. — Chart of watch x'ate variations in Figure 7-21. — Watch rates (and rate variation) 
. different vertical positions (three arcs of motion). at vertical positions for different arcs of motion, 
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minus 30 seconds per 24 hours, and in the PL 
position, the rate is plus 39 seconds, giving a 
variation in rate tetween the PL and PR posi- 
tions of plus 39 seconds (variation of minus 69)« 

5. Wind the mainspring a little tighter, enough 
to increase the arc of motion to the extent 
necessary to raise the heavy point to a 7/8 
turn; then raise the heavy point (by winding) to 1 
turn. Wind the mainspring tighter. Increase the 
motion of the balance gradually until it readies, 
its maximum swing (444°). When the heavy point ' 
reaches a point of 42° (444 minus 360 equals 84, 
and 84 divided by 2 equals 42) beyond the vertical 
axis, it arrives at a point where the gaining 
effect caused by gravity balances the losing 
effect present up to the vertical line. 

6. Remove the balance wheel and take off 
the collet and hairspring. 

7. Put the balance wheel in poising calipers 
or a poising tool. When you do this, gravity pulls 
the heavy point to the , bottom. 

After you poise the balance wheel, test the 
rate of the watch in vertical positions with a 
timing machine. If the rates of the watch for the 
different arcs of motion are as illustrated by the 
curves in figure 7-22, you have satisfactorily 
adjusted the watch for position. 

Another Method ol Testing and Adjusting 

Another way to test a watch for vertical posi- 
tion errors is to check it against an accurate 
watch over a 24-hour period in the DIAL UP, 
•PENDANT UP, and -PENDANT DOWN positions. 
After completion of the three-position test, the 
recorded rates may be as follows: dial up, 6 
seconds fast for 24 hours; pendant up, 4 seconds 
slow for 24 hours; and pendant down, 26 seconds 
slow for 24 hours. This rate shows that with the 



CURVE NO. I - TUffMS 
CUPVC NO. 2- |V^TU»%NS 
CURVE Ma } - '/t TURNS 



NUMERALS UP JN VSRTICAL POSITION 



pendant up it is 10 seconds slower than witl 
the dial up; and with the pendant down it is 3^ 
seconds slower than with the dial up. The meat 
for this rate is 2l seconds, the amount the SHOR'l 
ARCS ARE SLOW, The hairspring coils do not 
open -and close equally in both vertical positions 
because of an improperly formed overooil which 
does not hold the hairspring concentrically. To 
make correction, reform the overcoil until the 
rates of tlie vertical positions are equal. The 
• arcs of piotion are then equal. 

After completing the three-position test, the 
rates of the watch may be: dial up, 3 seconds 
FAST for 24 hours; pendant up, 11 seconds FAST 
for 24 hours; and pendant down, 5 seconds SLOW 
for 24 hours. This shows that with the pendant 
UP it is. 8 seconds faster than with dial UP; and 
with the pendant DOWN, it is 8 seconds slower 
than with the dial UP. The mean of the two verti- 
cal positions is equal to that of the horizontal. 
The difference between pendant UP and pendant 
DOWN shows a slight error in poise. The losing 
•rate {pendant down position) signifies a heavy 
point at the top of the balance when it is running 
in that position. To correct for the heavy point, 
turn the meantime screw of the penchant down 
position a quarter turn clockwise. If this screw is 
too close to the rim, turn the meantime screw 
of the pendant up position a quarter turn counter- 
clockwise. 

HORIZONTAL VERSUS VERTICAL 
POSITION RATE 

A watch perfectly adjusted in the horizontal 
position always runs a little slow in the vertical 
positions, because of friction from the two bal7 
ance pivots manning on the side of - each hole 
jewel and the increased effect ox gravity on the 
hairspring. The difference in rate is usually 
about 15 seconds. The vertical rate can be made 
faster by closing the regulator pins, thereby 
decreasing the effect produced by a longer hair- 
spring. Do NOT allow the vertical motion of a 
watch to fall below one full turn at the end of 
24 hours. As indicated previously in this chapter, 
an arc of motion of 1 1/4 turns during the day 
for the vertical positions is desirable. 

OTHER POSITION-ADJUSTING 
METHODS 
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Figure 7-22, — Chart of watch rate variations 
(poise error corrected). 
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Some other methods for adjusting the rate of 
a watch (exclusive of corrections for poise error) 
are: 
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.1. Replacing a worn or damaged balance staff , 

2, Cleaning and oiling balance staff jewels, 

3, Moving regulator pins IN or OUT, 

4, Removing obstruction to the FREE move- 
ment of the hairspring. 

5, Using a different angle for pinning the 
hairspring in the coRet, 

6, Changing the shape of the overcoil. 

As you doubtless have observed, some of the 
above methods for adjusting the rate of a watch 
are a restatement of what you have previously 
learned in this text. Always use your total knowl- 
edge and experience, therefore, when you' select 
a method (s) for adjusting rate* In one instance, 
a single method is adequate; in other instances, 
a combination of n:ethods may be required to 
properly regulate the rate of a watch. 



PUTTING A WATCH IN BEAT 

A watch is in beat when the hairspring is 
unstressed and the roller jewel is midway between 
the two banking pins (fig, 7-23), A watch is out 
of beat when the hairspring is attached tc the 



balance staff in such a position that (when un- 
stressed) it holds the roller jewel a number of 
degrees away from •'•-he line of centers. 

To determine whether a watch is in beat, hold 
it in ^\ie dial down (DD) position and use a beat 
tool to stop the balance; that is, try to get an 
escape wheel tooth' to stay locked on either the 
R or the L stone of the pallet. You can best do 
this by allovnng a balance screw to hit against 
the beat tool. If you cannot stop the motion of 
the balance wheel by this action, the watch is in 
beat. 

If you can stop the balance by the action just 
described, test for the direction of the starting 
push. You can do this by carefully bringing a beat 
tool into contact with a balance screw. When a 
slight touch or push releases the escapement and 
starts the balance in motion, the direction of the 
balance is the correct directio.:i of the starting 
push. If you had put the beat tool on the opposite 
side of the same screw and pushed, you would 
have applied the push in the WRONG direction 
and the escapement would not have been released. 
It is the STARTING PUSH which causes the roller 
jewel to hit against the fork slot of the pallet 
which, in turn, unlocks the tooth of the escape 



LINE OF CENTERS OF BALANCE, PALLET 
ARBOR, AND ESCAPE WHEEL 



COLLECT SLOT 



STUD 



BEAT TOOL-i 
(SEE NOTE) 



NOTE: TRY TO STOP MOTION BY 
PLACING BEAT TOOL IN 
EITHER OF TWO POSITIONS 
S' VN. 



UNSTRESSED 
HAIRSPRING 



BALANCE WHEEL 



'roller jewel on 
l:me of centers 




BALANCE 
SCREWS 
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Figure 7-23. — PosiMon of roller jewel (jewel pin) of a watch in Meat. 
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wheel. You can therefore decide in this manner 
on which side of the line of centers the roller 
jewel is when you arrest the motion of the bal- 
ance wheel, \Vlien the hairspring is unstressed, 
the roller jewel lies on this side. 

To correct the error just explained '.nd bring 
the watch into L^at, use one of the following 
methods: 

1, Hold the collet by inserting a beat tool 
into its slot. See figure 7-24. Then turn the 
balance wheel in the samo direction as the start- 
ing push, 

2. Hold the balance wheel still and use a 
beat tool to move the collet in the opposite 
direction of the starting push. 

Only through experience w!ll you learn uJW 
MUCH TO MOVE THE COLLET on the balance 
staff in order to put a watch in l3eat. 

Figure 7-24 shows a balance wheel which was 
stopped with a beat tool, with the pallet locked 
on the L stone. The roller jewel > as indicated, 



is positioned to the left of the line of centers. 
This watch is OUT OF BEAT, and the error can 
be corrected by one of the two aforementioned 
methods. Either method so shifts the collet that 
the roller jewel is on the line of centers. 

Study next figure 7-25, which shows a bal- 
ance wheel stopped, with the pallet locked on the 
receiving (R) stone. In this case, the roller jewel 
is positioned to the right of the line of centers 
(balance nearest you; escape wheel fartherest 
away), Tliis indicates that the WATCH [S OUT OF 
BEAT, and that the roller jewel will be to the 
right of the line of centers when the hairspring 
is unstressed. By usin^, one of the previously 
mentioned m'^thods, you can shift the collet 
sufficiently with a beat tool to bring the roller 
jewel to tHfc line of centers, thereby putting the 
watch in beat, 

W^i'in you cannot reach the collet when the 
balance wheel is in the watch, to prevent damage 
to pivots or the hairspring, remove the balance 
cock and balance wheel before you attempt to 
shift the hairspring collet. 



LINE OF CENTERS OF BALANCE, PALLET 
ARBOR, AND ESCAPE WHEEL 



ROLLER JEWEL OFF 
LINE OF CENTERS 





DIRECTION OF 
STARTING PUSH 



INSERT BEAT TOOL IN 
COLLET SLOT AND TURN 
IN THIS DIRECTION 
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Figure 7-24. — Using a beat tool to put a watch m beat (roller jewel left of line of centers). 
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LINE OF CENTERS OF BALANCE, PALLET 
ARBOR, AND ESCAPE WHEEL 



INSERT BEAT TOOL IN 
COLLET SLOT AND TURN 
IN THIS DIRECTION 




ROLLER JEWEL OFF 
LINE OF CENTERS 



DIRECTION OF 
STARTING PUSH 
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Figure 7-25.— Using a beat tool to put a watch in beat (roller jewel right of line of centers). 



Illustration 7-26 shows a balance cock on a 
tapered piece of pegwood or brass inserted in 
a hole of a bench anvil. With the balance cock 
and suspended balance wheel in this position, 
hold the balance wheel with the left hand and 
insert a beat tool^ held in the right hand down 
through the coils of the spring and into the collet 
slot. Theri turn thfe collet in the direction nec- 
essary to put the watcb in beat (clockwise when 
a counterclockwise movement of the balance 
wheel is desired, and vice versa). 



FINAL REGULATIONS 

Final r^'^^^^ulations of a watch are the last 
minute regulations made by moving the regulator 
toward FAST or SLOW, as required, A watch 
may keep perfect time in the shop, but fail to 
keep good time when in use. This may be caused 
by changes in temperature, irrefiiiar winding, 
jolts, or other adverse conditions. For these 
reasons, final regulations must be given a watch 
to meet the conditions under which it is (or will 
be) used. 



BEAT TOOL- 
BALANCE WHEEJ 




BALANCE COCK 
TAPERED BRASS 
BENCH ANVIL 
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Figure 7-26, — Turning hairspring collet with 
beat tool (hairspring fastened to balance cock). 
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If a watch fails to keep good time after you 
make all the adjustments possible by moving 
the regulator, a weak mainspring may be causing 
trouble, or adjustments on the balance wheel are 
necessary; that is, adjustments on the meantime 
screws, or moving the positions of these screws. 

A newly -overhauled watch may gain or lose 
several minutes per day, but a complete turn IN 
or OL'T of opposite pairs of meantime screws 
(sometimes considerably less than than a full 
turn) is sufficient to make the watch keep ac- 
curate time. 



CLOCK TESTING AND ADJUSTING 

The following discussion is the recomtnended 
procedure lor adjusting a clock with a timing 
machine, and also for giving it a performance 
test. Proceed as follows; 

1. Set the clock regulator to the exact cen- 
ter position between F (fast) and S (slow), 

2. Clamp the clock movement on the tim- 
ing machine (fig. 7-1). NOTE: ALWAYS TIME 
AND TEST a clock movement in its normal 
operating position — vertical position with the l2 
(or 24) numeral up. 

3. Following the manufacturer's instruc- 
tions, operate the timing machine and note the 
24-hour error indicated on the chart recording. 

4. Adjust the two meantime (timing) screws 
to correct the error in rate, as illustrated in 
figure 7-27, (Meantime screws have smaller 
heads than the other screws and are located 
close to the ends of the balance arms.) One com- 
pl»7te turn of the timing screws it; equivalent to 
about 100 seconds per day. If the chart shows 
the clock is gaining time, turn the timing screws 
OUT; if the recording shows the clock is losing 
time, turn the timing screws IN. Turn both 
timing screws the same amount in the same 
direction. If you cannot bring the clock into cor- 
rect time by turning the timing screws, make 
necessary adjustments in the weight of the 
balance wheel. 

5. If the clock is losing time, undercut any 
two opposite balance screws (or file out the 
slots) by exactly the same amount. If the clock 
is gaining time, add timing washers (equal 
weight) to two opposite balance screws. 

6. Place the clock in the timing machine 
again and adjust the timing screws until the 
chart recording shov/s neither gc^in nor. loss of 
time. 




BALANCE WHEEL J 
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Figure 7-27. — Adjusting two meantime screws 
On a clock balance wheel. 



Wlien you have the clock keeping p( rfecttime, 
give it a performance test to make certain that 
the escapement adjustments were adequate, and 
to check the accuracy of the timing screw ad- 
justments. 

Make the performance test with the clock in 
a vertical position and at normal room tem- 
perature (68° to 72° F). Check the clock against 
a standard-frequency comparing clock, observ- 
ing the daily error of the clock. Make notations 
of dial errors of successive readings. If these 
dial errors are recorded daily, the rate is in^ 
dicated by the time GAINED or LOST per day. If 
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1 2 3 4 5 



DATE 


DIAL ERROR 

+ = Fast 
- = Slow 


DAILY RATE 
(Daily 
Error) 


AVERAGE 
(Daily 
Error) 


DEVIATION 
OF DAILY 

ERROR 
(col 3-col 4) 


REMARKS 




Min. Sec. 


Sec. 


Sec. 


aec. 




July 
1972 














13 


-0 


03 








Started and 
set 3 seconds 
slow 


14 


-0 


10 


-7 


-10 


+3 




15 


-0 


18 


-8 


-10 


+2 




16 


X 


X 


X 


X 


X 


Not checked 


17 


-0 


37 


♦ -10 


-10 


0 


* Two-day 
average 


18 


-0 


49 


-12 


-10 


-2 




19 


-1 


1 


-12 


-10 


-2 




. 20 


-1 


15 


-14 


-10 


-4 





Weekly error Jul 14-20 = 1 min 15 sec -03 sec = 1 min 12 sec - 72 sec 
daily error = 10-2/7 sec = 10 sec. 
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Figure 7-28. — Weekly performc.nce chart of a clock tested wit!i a timing machine. 



observations are unavoidably checked more than 
one day apart, reduce the rate to a 24-hour basis 
by dividing the difference in dial errors by the 
number of days involved, 'lee figure 7-28. Un- 
usual conditions should be noted in the RE- 
MARKS COLmiN of this chart, in order that 
they may be taken into consideration when you 
determine whether the clock has passed its test. 

Otiier factors besides the daily rate must 
also be tal^en into consideration when you try to 
prove the timekeeping qualities of a clock. If a 
clock gains exactly 15 seconds per day, it is an 
excellent timekeeper, because this error can be 
corrected by slightly slowing down the clock with 
the regulator. On the other hand, if a clock gains 
5 seconds one day and loses 5 seconds the NEXT 
day, it is NOT AS ACCURATE as the first clock; 
because the error of this clock CANNOT BE 
CORRECTED by moving the regulator. Take 



this factor into account by comparing the daily 
rate error of the clock with the weekly error 
divided by 7. A limit must also b<3 placed upon 
the allowable difference between the two errors. 

Refer again to the performance chart. The 
overall weekly dial error (last entry in column 
2 minus the first entry in column 2) must be 
NO MORE THAN 2 minutes for mechanical 
clocks, and NO MORE THAN 2 . l/2 minutes for 
ho^i and deck clocks, for any of the 3 weeks of 
performance testing. NOTE: Resultsof one week's 
testing of clocks are helpful; but if possible, 
extend the tests over a three weeks^ , period. 

No deviation of daily error in one of the 3 
weeks of testing in column 5 of the test chart 
may be more than +10 seconds for mechanical 
clocks and not more than +15 seconds for boat 
and deck clocks. 
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CHAPTER 8 

MANUFACTURING 



The term MANUFACTimiNG, as used in this 
chapter, applies to all instrumeii' parts which you 
may be required to mtxke in a .\^avy instrument 
shop. As a general rule, you will be able to get 
replacement parts from :3tock; but in some lo- 
cations, or during emergency conditions, you 
maj'' have no alternative but to makf. new parts 
for instruments. For this reason aaJ to satisfy 
the qualifications fox advancement, you must 
know what tools, materials, and methods are 
used for manufacturing instrument prrts. The 
requirements for advancement to Instrunientman 
1 include knowing how to manufactui e wheel 
arbors, balance staffs, and watch ard clock 
thread taps, using a screw plate.- Beside?, you 
must know which methods and materials are 
f jd for manufacturing pressure gage pinion 
.,iaffs, arbors, bearing screws, and .tachometer 
iDackplates. In qualifying for advancement to IMC 
you must satisfy all the require nients that the 
IM 1 does and also know materials, tools, 
and techniques used in manufacturing instrument 
jewel settings and in repivoting instrument pinion 
staf.3 and arbors. 

This chapter tells and shows you how to 
make pressure gage pinion staffs, watch balance 
staffs, watch stems, barrel arbors, instrument 
bushings, and jewel mountings. If you know 
how to make these parts, you will in time learn 
how to make tools and other instrument parts, 
such as gravers, pivot drills, plug g'^.ges, screw- 
driver bits, tapered pins, links, gage bushings, 
bridges, and more. Remember, however, that you 
can become proficient in making these parts 
ONLY through experience. 



WATCH BALANCE STAFF 

The tools you need for making a watch bal- 
ance staff include the following: alcohol lamp, 
millimeter micrometer, jeweler's lathe, grav^^rs, 
No, 30 chuck, polishing block, pin vise, bellmetal 
slip, iron metal slip, and cement brasses. 



MEASUREMENTS FOR NEW STAFF 

If you have an old balance staff of the same 
dimensions as the one you need to make, use it 
as a sample. There may be occasions, however, 
when you will not have another staff which can 
be used as a sample. When this is true, you are 
compelled to compute the measurements for your 
new balance staff. 

To get the measurements for a new balance 
staff, proceed as follows: 

1. Remove the upper and lower cap jewels 
of the balance cock and screw the balance cock 
in position on the pillar plate. NOTE: The bal- 
ance cock and pillar plate must be parallel. 
If the balance cock is bent, straighten it. before 
you take any measurements. 

2. Measure the distance from the top of the 
upper hole jewel to the bottom of the lower hole 
jewel and allow .01 mm extra for the protrusion 
of the balance pivots. 

3. To get the position of the balance wheel, 
measure from the lower balance hole jewel to 
the top of the pallet bridge. Add to this measure- 
ment the freedom necessary between the balance 
wheel and the pallet bridge. Special consideration 
must be given to the correct location of the 
balance wheel in order to allow for the hair- 
spring and collet. 

4. Measure from the lower balance hole 
jewel to the top of the fork and add the thickness 
of the impulse roller to get the correct location 
of the roller seat. Bear in mind that the fork 
and guard pin are parallel with the pillar plate 
and that the end of the guard pin must coincide 
with the center of the safety roller. 

5. Get the length of the collet shoulder by 
measuring the height of the hairspring collet. 
The other part of the staff is for the upper and 
lower balance cones and pivots. 

6. To determine the diameter of the collet 
shoulder, select a brass wire with a diameter 
a little larger than the hole in the collet and 
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chuck the wire in the lat^iS. ^>ut enough taper 
on the wire to make the ccllet fit friction-tight 
on it. The position of the collet on the large 
side of the tapered wire determines the dia- 
meter of the collet shoulder. 

7. Get the diameter of the roller shoulder 
by doing the following: Turn the roller shoulder 
on a slight taper until the rolL^r table fits on 
the small end of the taper. Use an iron metal 
slip charged with oilstone powder and oil to 
grind the roller shoulder enough to get the 
roller table to almost fit up to the roller seat. 
The space between the roller seat and the roller 
table MUST NOT EXCEED DOUBLE THICKNESS 
of the impulse roller. Use pithwood to clean 
off all traces of oilstone. Polish the roller 
shoulder with a bellmetal slip charged with 
diamantine. 

METHODS OF TURNING 

Two methods are generally used for turning 
a watch balance staff and both ire described in 
some detail in* this section. The first method 
is perhaps used most frequently, but you will 
learn through experience which one you prefer. 

Method No. 1 

Select a piece of steel wire stock slightly 
larger than the greatest diameter of the staff you 
are making (dimensions on your sketch). Then 
put the sample balance staff over your piece of 
steel wire stock, as illustrated in figure 8-1, 
Next, cut from the wire a piece 0.1 mm longer 




MM STOCK 



91.283X 

Figure 8-1,— Sample balance staff and wire stock 
for a new balance staff. 




SECTION WHEN FINISHED 



91.284X 

Figure 8-2:. — Steel wire for new balance staff 
chucked in a lathe for turnvng the hub. 



than your sample staff and harden and temper it, 
as explained in chapter 14, Instrumentman 3 & 2, 
NavPers 10193-0. 

MOTE: ^\^lile you are making the balance 
staff, u£fj a micrometer frequently to check the 
diamf**^5r, to make certain that you cut off JUST 
ENOUGH metal. Always leave euC^a-^r^si metPl on 
the part you are making to allov/ ^ r polishing 
and finishing. 

Now select a No. 30 chuck, which correctly 
fits the blank, and chuck the blank in the lathe 
(fig. 8-2) J with enough of it projecting from tlie 
chuck to enable you to turrv the hub of the staff. 

Tighten the chuck just enough to prevent 
yorr blank from falling out when the lathe is 
rotating, so that you can true it with your thumb 
as it rotates. Study the procedjre for doing this 
in illustration 8-3. Then tighten the chuck fully 
and examine it with a loupe for trueness. 

Continue by clamping the roller shoulder 
of ihe sample staff in a pin vise (figc 8-4) 
and placing the sample staff parallel witli the 
blank, so that you can mark the balance seat 
with a graver. Study figure 8-4, noting par- 
ticularly the position of the balance seat of the 
sample staff and the loiiation of your mark on 
the blanks 

Now turn on the lathe and start turning the 
staff with a sharp graver, as shown in figure 
8-5. Observe the position of the T-rest and 
the direction of the cut. Use the point of the 
graver first to true the steel blank and then use 
the T'ULL CUTTING EDGE. To avoid ridges, 
apply even pressure to the graver and then 
move it back and forth on the blank. 
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DIRECTION 
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Figure 8-3, — Timing stock chucked in a lathe 
for making a balance staff. 




BALANCE SHOULDER 



BAIANCE SEAT 




Figure 8-6.— 



Turning the balance shouider of a 
new balance staff. 91.28cX 




Use care TO AVOTt5 making the balance 
shoulder TOO SMALL. Check the diameter with 
the micrometer. 

Turn the stock (shoulder) on a slight taper 
until the small end fits in the balance wheel hok;. 
Study figure 8-6. Then gradually .straighten the 
stock (taper of balance shoulder) until the bal- 
ance wheel fits perfectly against the balance 
seat, as illustrated in figure 8-7. If the fit is 



91.286X 

Figure 8-4, — Procedure for marking th^ balance 
seat of a new staff. 
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DOTTED Lines indicate 

FINISHED SECTION OF STAFF 
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Figure 8-*5. — Turning a steel blank for a balance Figure 8-7.— Balance wheel fitted on the taper ot 
staff with a graver. 91.287X a new balance staff shoulder. 91.289X 
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'Figjire 8-8, — Turning the hub of a new balance 
staff. 91.290X 



too loose; it will cause the balance wheel to be 
oiit-of- round when staked; if the fit is TOO 
TIGHT, it will stretch the balance wheel hole 
ait« J^ERHAPS DISTORT the balance wheel dur- 
ing stiil^ing. 

Next, turn the hub of the staff .02 mm larger 
in diameter than the hub ofyour sample, as shown 
in f^^iire 8-8. 

Position the balance wheel against tjie bal- 
ance seat on the stock and mark the stock with 
the graver, approximately 0,1 mm from the 
balance arms. This measurement determines 
. the length of the balance shoulder. Study figure 
8-9 A and B. 

Now start at the mark you made with the 
graver on the stock and turn the collet shoulder 



until the diameter is 0,02 mm thicker than the 
sample (fig. 8-10). 

Use a shai*p, pointed graver in the manner 
shown in figure. 8-11 to do the undercutting 
necessary for p^taking the balance wheel to the 
staff. Then place tiie sample balance staff paral- 
lel with the blank, so that you can use a graver 
to lay off the length of the collet shoulder on 
the blank, as illustrated In figure 8-12. 

From the mark you just made on the collet 
shoulder, turn the upper cone and pivot of the 
staff. See illustration 8-13, As you turn the 
pivot, check it frequently with a balance hole 
jev/el of correct size. Continue turning until 
the pivot starts to fit in the jewel, CAUTION: 
Stop cutting while there'* is sufficient metal 
left for grinding and p"olishing. 

At this point, select- a graver with a rounder 
point (fig. 8-14A) and turn^the pivot until it is 
approximately 2/3 cone ?nd l/3 pivot, as il- 
lustrated in figure 8-14B* 

Next, selfect a shai^p, pointed graver and turn 
a back taper on the cone. Study figure 8-1 5 A. 
Note the direction of this cut. CAUTION: To 
prevent breakage of the fine point on tho graver, 
use much care in making this cut. Continue your 
turning hy putting a bevel on the upper end of the 
collet shoulder, as shown in figure 8-1 5B. 

Now use ai, iron slip (fig. 8-16 A) charged with 
oilstone powder to grind the hub and the collet 
shoulder, in the manner illustrated in figure 
8-16B. The purpose of this grinding is to remove 
turning marks and to get the correct diameter. 
Clean thor'^ughly with pithwood. CAUTION: You 
must have everything ABSOLUTELY CLEAN 
before you t:tart to polish the staff. , 
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Figure 8-9. — Marking the length of the balance shoulder. 
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91.292X 

Figure 8-10. — Turning the collet shoulder. 



^ S1.295X 
Figure 8-13. — Turning the upper cone and pivot 
of a new balance staff. 




To polish the collet shoulder and hub, put 
pil and a polishing powder (boron, diamantine, etc.) 
on a bellmetal slip shaped like the iron slip 
and grind and polish to correct size. Use the 
rounded side of the oilstone and bellmetal slip. 
Frequently test the size of the pivot in the jewel 
hole to MAKE CERTAIN that you get the correct 
size. 

At this point, reverse the position of the 
unfinished staff in the lathe and chuck it on the 
balance shoulder, as shown in figure 8-17. 

Tighten the chuck enough to prevent the staff 
irom falling out while you run the Jathe and 



Figure 8-11. — Undercutting a new balance staff 
for staking. 91.293X 




COLLET 
SHOULDER 
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Figure 8-12. — Marking the length of the collet 
shoulder. 



91.296X 

Figure 8-14.— Ti\rnlng the cone on the pivot. 
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Figure 8-17, — Finished end of staff chucked on balance shoi'lder. 
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Figure 8-18. — Truing an unfinished balance staff 
in a lathe. 



test the staff for tru. mp-^s with your thumb. 
See figure 8-18. Apply a little pressure with 
the thumb. 

Continue '.y tightening the chuck and ex- 
amining the hub for trueness with a DOUBLE- 
POWERED loupe. Then rest a graver on a T- 
rest on the underside of the hub and check the 
space between the hub aiid graver while the 
lathe is rotating slowly- for trueness of the 
staff (fig. 8-19A). If the. space between the 
graver and the hub of the balance staif doee^ 
not vary, you have the staff chucked true. 



Using the sample balance staff as a gage, 
check the length of the hub of the new staff and 
make corrections, if necessary. Study ■^itpare 
8-1 9B, with the .sample staff in a pin vise. 

Next, turn the roller shoulder with a '^harp 
taper until you have its diameter .02 mm thic' r 
than the roller shoulder of the sample s^^it 
(fig. 8-20A)« Then undercut the roller seat very 
slightly, as shown in figure 8-20B. After you 
finish the grinding and polishing, the roller 
shoulder must still remain a square shoulder. 

Now turn the lower cone and pivot, using the 
sample staff as a gage. See figure 8- 21. Then 
select a sharp, pointed graver and turn a back 
taper on the cone (fig. 8-22A). Many staffs, 
however, are made without this back taper, 
as shown in figure 8-22B. 

Your last step in turning a balance staff by 
Method No. 1 is to grind the lower part smooth 
with an iron slip charged with oilstone powder 
and then to polish it with polishing powder 
(dianiantine). After you stake the l)alance wheel 
to f^e- staff, burnish th ; ends and sides of the 
pivots. ^ 

Method No. 2 . - ^ 

The second method for turning a watch bal- 
ance staff is ejcplained step by step in this sec- 
tion. Snme watch repairmen prefer this method 
for tui.iing the lower portion of a balance staf f . ^ 
One advantage this method does have is that it 
ENSURES PERFECT CEl^JTERPIG of the pivots 




LIGHT SPACE 
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TRUENESS OF 
STArF. 
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T-REST 
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B 




PIN Vise 



HUB LENGTH 



91.3C1X 

Figure 8-19.— "Testing the trueness of a chucked balance staff, and checking the length of the new hubj 
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UNDERCUTTING 



Figure 8-%. — Turning the roller shouldeir of a new balance staff. 
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Figure 8-21. — Turning the lower cone and pivot. 



91.303X 















j 






NO BACK TAPER 





ERIC 



Figure 8-22. — Cutting a back taper on the lower cone; cone without back taper. 
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FULL LENGTH OF STAFF +2.0 MM 



91.30 5X 

Figure 8-23, — Steel wire chucked in a lathe for 
turning the l^alance staff by another method, 

of the new staff, as you will see by t-tudying the 
procedure, as follows: 

1, Chuck the steel wire selected for the 
balance staff in the lathe in the manner shown in 
figure 8-23, Note that the amount of the wire 
you should have extending out from the chuck is 
equal to the FULL LENGTH of the balance staff 
PLt-S a])Out 2 mm extra, 

2, Follow the procedure explained in Method 
No, 1 for turning the top of the balance staff, 

3, Rough out the l^wer part of the staff. 
CAUTION: It must be long enough to include the 
lower pivot. See figure 8-24, 

4, Insert a brass chuck in the lathe and turn 
the end flat (fig, 8-25A), Then cut a reservoir 
in the piece of brass, starting at the point 
indicated in figiare 8-25A and finishing as shown 



in figure 8-2uI3, Note the T-rest o!i which yri^t 
shoulCi rest the graver while you make thf re- 
servoir. The reservoir must Ixj decn enough to 
ongulf the entire upper portion of the balance 
staff; and the V point must I)e theDKAD CKNTER 
point in the brass^ Study figure 8-26, 

5, Warm the end of the brass chuck with 
an alcohol lamn :.nd pack your reservoir with 
shellac. Then u^^ply more heat to soften the 
shellac, 

6, Insert the finished portion of the balance 
staff in the soft shellac and apply enough pres- 
sure with a finger (with the lathe running) to 
push th(5 pivot to the bottom of the V of the 
reservoir (fig, 8-27), Then keep the lathe rotat- 
ing until the shellac hardens, 

7, To true the staff, apply a little heat (enough 
to enable you to move the staff in the shellac). 
Then rest a ipiece of pegwood on the underside 
of the staff ^nd true the staff with the lathe run- 
ning. Barely touch the roller seat with the peg- 
wood during the truing operation. Check the 
staff for truenesy by the method previously 
described in this chapter. Study figure 8-28, 

8, Ufe the eld staff as a gage and reduce 
the lower part of the balance staff to the correct 
length, as illustrated in figure 8-29, Then turn, 
grind, and polish the lower staff just as you 
did 'when you made a staff hy Method No, 1 
(in the discussion), 

9, To remove the completed Ixilance staff 
from the shellac,* heat the brass until the shellac 
is soft and pull the staff out, 

10. Boil the balance staff in alcohol to remove 
the shellac residue which remains on i^. 
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Figure 8-24, — Rouj^hing out the lower part of a balance staff. 
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Figure 8-25. — Turning the end ci a new balance staff flat and cutting a reservoir in it. 



PRESSURE GAGE PINION STAFF 




The pinion staff or indicating pointer shaft 
for a pressure gage may become worn or get 
bent, and no replacement gage is available. In 
this cRse, you would manufacture the staff, using 
method Nc. 1 for cutting a balance staff. 



WATCH STEM 



The tools you need for making a watch stem 
are Illustrated In flgu]*e 8-30. If another watch 
stem is available, use it as a sam'Dle while 

91.308X 

Figure 8-26.— Correctly formed shellac reservoir. 
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Figure 8-27. — Inserting the finished portion of a Figure 8-28. — Checking a new balance stafi in a 
new balance staff in soft shellac. shellac reservoir for trueness. 
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GAGE LENGTH OF 
LOWER PART OF STAFF 



Figure 8-29. — Reducing the lower part of a new balance staff to correct length. 



91.311X 



man .cturing your new one. The procedure for 
making a stem follows. 

Select a pirce of soft steel wire whose dia- 
meter is slightly greater than the greatest 
diameter of the sample watch stem (or dimen- 
sions on your sketch). Then chuck the steel 



wire in a lathe, with enough of it protrading for 
the pilot, winding pinion, and clutch wheel should- 
ers. See figure 8-31. Next, place the sample 
stem parallel with the blank and make a mark 
on the oteel wir . with a graver to indicate the 
length to make the pilot seat of the new stem. 
Turn the pilot .02 mm larger in diameter than 
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Figure 8-30. — Tools required for making a watoh stem. 
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Figure 8-31, — Steel blank chucked in a. lathe for 
turning the pilot, winding pinion, and clutch 
wheel shoulders. 91.313X 



91.315X 

Figure 8-33. — Turning the blank for a watch stem 
protruding from a chuck. 



the sample pilot, and then corner undercut the 
square shoulder (fig. 8-32). 

Turn the part of the blank protruding from 
the chuck ^02 mm lar ger in diameter than the 
bearing of the sample, as shown in fig:ure 8-33. 

Continue the process by placing th\^ sample 
stem parallel with the blank and marking the 
seat for tlie clutch wheel with a graver (fig. 
8-34). If the sample is broken at the threads 
or setting lever slot (usual breaking point) ; use 
the sectioh with the clutch wheel shoulder to 
locate the seat for the clutch wheel. At this 
mark, turn a slight groove to make a square 
shoulder for the seat of the clutch wheel, as 
illustrated In figure' 8-35. 

Now remove the T~rest and replace it with 
the filing rest. Adjust this .rest as necei?eary 
to get the top of the roller level with the blank 
and approximately l/2 inch away from the work. 




91.314X 

Figure 8-32.- Marking the length of a pilot seat 
with a graver. 
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Lock the head on the lathe with the index pin 
(fits in holes of index plate) and you are ready 
to file the square shoulder for the seat of the 
clutch wheel. Use a No. 3 file (with safe, non- 
outting edgte). 

Place the file firmly on the roller and take 
three or four strokes with the safety edge OUT 
OF CONTACT with the square shoulder (fip;. 
8-36). Other strokes may then be made with 
the safetj'. edge against this shoulder without 
fear of thf; file's going past it. 

Take two more strokes with the file and then 
turn the headstock l/2 turn (180*^. Lock the 
headstock with the index pin and repeat the 
above filing procedure on this side of the blank. 
Use a micrometer at this point to check the 
diameter of the flat sides with the square of the 
sample. Then continue filing the same amount 
on each side until the diameter of the flat sides 
is equal to the square of the sample. Study 
figure 8-37. 

Next, turn the headstoc' l/4 turn (90^ and 
file the third side of the square, using the same 
procedure as for the first side, as indicated in 
fifeui^ ?-38, 

Turn ttie headstock l/2 turn (180 degrees) 
and file the fourth side. Use precaution in check- 
ing the diameter. When th.e square is completed 
it should look like the ono on the stem shown 
in figure 8-39, 

Put the unfinished stem parallel with the 
saniple stem on the bench and mark the un- 
finiGhed stem to indicate the threaded portion, . 
as illustrated in figure 8-40, and then cut off' 
the excess portion of the metal (left vertical. ^ 
mark in figure 8-40). In case the sample stem;; 
is broken at the setting lever slot, use the; 
threaded section to mazk &e 4^igth -ef -&d^ 



INSTRUMENTMAN 1 & C 



SAMPLE STEM 




Figure 8-34. — Marking the seat for the clutch wheel. 
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Figure 8-35. — Turning a square shoulder for the seat of a clutch wheel. 

^STEM , — STEM 
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Figure 8-36. — First step in putting a square on the shoulder. 
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91.319X 

Figure 8"-37, — t!>econd stei in forming the square 
on the shoulder. 




SI1.320X 

Figure 8-38. — Filing the third side of the 
shoulder. 



91.321X 

Figure 8-39. — The completed square. 



threaded portion of your new stem. If th^tlireaded 
portion of the sample is broken, be sure to make 
the threaded portion of your stem long enough 
to allow for the crown. 

Use the right type of chuck to hold the bear- 
ing of the stem in the lathe and turn the shoulder ' 
for the threads. See figure 8-41, To deter- 
mine the diameter of your new thread shoulder, 
make * it small enough to fit in the screwplate 
hole which is two holes larger than the . one 
you will use to cut the threads, CAUTION: In 
some screwplates, you must use just one hole 
larger than the one you will use for cutting the 
threads. Experience with you^^ own screwplate 
will solve the problem of determining which 
hole to use for turiiing the t'lread shoulder. 
After you turn the shoulder for the threads, ' 
it looks like the one illustrated in figure 8-42. 





TO BE CUT OFF 
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Figure 8-40. — Marking the part of the new watch stem to be cut off, 
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Figure 8-41. — Turning the shoulder for the 
threads. 91.323X 



Figure 8"42, — Stem shoulder ready for cutting; 

threads. 91.324X 



To enable the screwplate to start cutting 
threads, turn a small taper on the end of the 
shoulder (fig. 8-42). Then continue with the 
cutting of the threads as shown in figure 8-43. 
Turn the screwplate with the right hand and the 
headstock of the lathe with the other hand. Use 
sufficient oil to make cutting easier and to pre- 
vent overheating of the metal. Move the head- 
stock in one direction and the screwplate in the 
other direction (backward and forward) until you 
get the threads cut the required length. Stop 



to add more oil, as necessary. CAUTION: If you 
try to cut the threads too rapidly, you may twist 
the shoulder off. 

Before you turn the slot for the setting lever, 
harden and temper the unfinished stem. 

Now chuck the stem in the lathe and place 
the sample stem parallel with the unfinished 
stem (fig. 8-44A). Then use a graver to mark 
the slot for the setting lever. (If the sample 
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Figure 8-^3,- - Cutting threads on tb© shoulder. 
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91.326X 

Fij^ire 8-44. — Marking the slot for the setting lever. 



stem is broken at the setting lever slot, hold mensions as the slot in the sample. Figure 
the sample stem jarallel with the unfinished S-45B shows the completed setting lever slot, 
stem in the manner illustrated in figure 8-,44B).. 

To remove all traces of turning marks, grind 
With a special kind of graver (fij^, 8-45A), the bearing and the pilot of the stem with a 
turn the slot for the setting lever, same di- triangle slip charged with oilstone powder and 




^ Figure 8-45. — Turning the slot for the setting lever. 91.327X 
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oil. Then clean the stem thoroughly in preparation 
for polishing. 

Chuck one female center in the headstock 
and another female center in the tailstock of 
the lathe. Fit the stem between these centers 
and check it for freedom of movement. It must 
move freely in order to find its own level when 
you apply a little pressure to the polishing slips. 
Using the same procedure you followed for grind- 
ing and polishing the bearing and pilot, grind 
and polish the square of the stem. This is the 
last, step in making a watch stem to match a 
sample stem. Your new item should look like 
the One shown in figure 8-46, 



MAINSPRTNG BARREL ARBOR 

Although this section deals primarily with 
the procedures for making a mainspring barrel 
arbor, you will learn by studying it how to make 
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Figure 8-46, --The completed watch stem. 



most any type of arbor for pressure gages, 
watches, and clocks. As explained previously, 
whenever possible, use another arbor as a 
sample when you make a new one. Even though 
worn or broken, you can St. 1 use it as a guide 
in obtainmg the correct contour for your new 
part. 

Select for your new barrel artor a stael rod 
slightly larger in diameter and longer than the 
sample arbor, or in accordance with a sketch 
for the new arbor, NOTE: It is ALWAYS BEST 
to prepare a sketch for most new parts you must 
manufacture; and information on the sketch (di- 
mensions and specifications) is invaluable for 
making some instrument parts. 

Unless it is too small to hold the rod in the 
lathe, use an ordinary split chuck; if necessary, 
use a larger screw chuck. You can adjust the 
screws of this chuck one at a time ic center the 
rod. Then use a graver (with T-re&L) cut the 
rod to correct length and to turn one end of the 
arbor almost to the finished size. Then reverse 
the rod in the lathe, centered in a split chuck, 
and turn the other end almost to size. 

To make the square of the nexV arbor, tighten 
the part in the lathe and lock tho headstock with 
the index pin \a one of the quarter holes on its 
pulley. Then position the roller rest level with 
the top of the arbor. Hold the i^oller rest firmly 
and use a fine, flat file in the horizontal position 
while you file one side. Turn the headstock 180° 
and lock it, and file 10 to 12 strokes on the side 
opposite the first one you filed. Turn the head- 
stock 90° and file the third side; and then turn it 
180° and file the fourth side. Check the dimen- 
sions frequently as you file to make certain you 
are fashioning the pivot correctly and m.aking it 
square. 

Now check the ratchet wheel on the arbor. 
If necessary, reduce the size of the square in 
order to get a good ii'„ If the ratchet wheel is 
the type which is held in position by a screw, 
tu.rn away all the square section of the arbor 
not required for the ratchet wheel and tap the 
remaining part for the screw, 

Nsxt, make the hook on the arbor body which 
holds the mainspring. Tighten the arbor in the 
:,-piit chuck and lock the head again with the index 
pin. With a fine jeweler's file, cut a slot across 
the arbor body. Then remove the arbor from 
the chuck and cut two broad slots perpendicular 
to the first slot (fig, 3-47B), Continue filing 
with the flat side and the edge of a file until you 
fashion the hook in the manner shown in figure 
8-47B and C, The depth of the slot between the 
hook and the body of the arbor should be the same 
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Figure 8-47. — Forming the hook on a new main- 
spring arbor. 



as that of your sample hook, and the face (where 
the spring hooks) of the catch should be square 
with the bottom of the slot, or cut to a slight 
angle toward the out side of the arbor (to hold 
the spring better). The depth of the slot (height 
of the face of the hook) should be equal to the 
thickness of the mainsprmg. 

To harden your new arbor, heat it to a cherry 
red color and then plunge it into cool oil; to 
temper the arbor, heat it to a pale straw color 
and cool it in the atmosphere. 

Polish your new arbor all over with a bell- 
metal slip charged with oilstone powder and oil. 
Polish both pivots with an iron slip and dia- 
mantine. 

When you finish polishing the new arbor, 
mount it in a split chuck and turn the arbor body 
enough with a sharp graver to get the measure- 
ment of the shoulder which turns inside the barrel 
slightly less than the full diameter of the body. 
Give O-ie new part a slight taper, to allow the 
pivots to receive oil. Reverse the arbor in the 
chuck and finish ti e other end in the same way. 

INSTRLMENT BUSHINGS 

Because Navy watches have jeweled bearing 
surfaces for most of their wheel arbors and 
balance staff pivots, you will seldom (if ever) be 
required to insert bushings in watch plates; but 
you will have to put new bushings in clocks and 
gages. 

If you find a non- jeweled clock plate bearing 
scored or oval-shaped, plug it and also the two 
adjacent bearings. With dividers centered on the 
adjacent bearings, inscribe arcs on the plate. 
Record the radius of each arc, so that you can 
check the new bearing center later. Use a cut- 
ting broach to shape and smoothen the damaged 
bushing hole. Be careful about retaining the ori- 
ginal center. This procedure is followed for both 
clock and gage plates. 



Drilled brass bushing rods can be procured 
in assorted lengths from 2 1/2 inches up, and 
from l/l6 to 1/8 inch in diameter. The hole in 
the rod you select for replacing a bushing should 
be slightly smaller in diameter than the pivot 
which is to fit in it. The length of the rod se- 
lected for the bushing should be four times as 
long as the finished plate hole. 

After you select a bushing rod of the cor- 
rect size and length for a plate hole, proceed 
as follows to make the bushing: 

1. Turn the bushing rod on an arbor until it 
has the same taper as that of the broach. 

2. Enlarge and smoothen the plate hole until 
it has exactly the same taper as the bushing rod. 

3. Pass the rod through the smoothened plate 
hole and mark it at two points: (1) a small 
distance above the plate hole, and (2) a small 
distance below the plate hole. 

4. Turn off the extra amount of rod at each 
end. 

5. Undercut the top end of the rod to enable 
you more easily to form a rivet, and chamfer 
the upper side of the hole to receive it. 

6. Next,, put the plate and rod on a staking 
tool (underside of plate up) and fasten the rod 
tightly in the plate with a flat-end seating punch. 
Repeat this operation on the other side of the 
plate, but use a round-end spreading punch. Use 
light taps with a hammer to rivet the chamfered 
side. 

7. If the new bushing is too long, cut enough 
off the tapered end to make the length correct. 
Then polish the edges of the bushing with an 
India stone slip. 

8. Verify the center of the new bushing by 
checking it with the intersection of the two 
arcs you previously described. NOTE: The center 
of the new bearing must coincide with the original 
center of the hole. 

9. Open the new bushing to the correct size 
with a tapered bro:-ch, and finish it off with a 
round broach to polish the hole. 



JEWEL MOUNTINGS 

Watch jewels are inserted directly into the 
plates in many watches; but in a large number 
of other watches the jewels are first mounted 
in brass or gold settings, and then both settings 
and jewels are fitted friction-tight in the plate. 
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Figure 8-49. — Jewel inserted in a mounting ^ 
against the seat. 91.330X 



A jewel mounted in this manner is called a 
BEZEL jewel. On occasions, however, you will 
need a jewel mounting which cannot be replaced 
from stock and your only alternative is repro- 
duction. 

The procedure for making a jewel mounting . 
is described in the next paragraphs, as follows: 

1. Chuck a piece of 4 mm brass wire in 
a lathe and square off the face with a graver, 
'T'Kf turn a small center in the new face. 



2. With ajdiMll slightly smaller in diameter 
th.an the jewel which will fit in the mounting, 
drill a hole approximately 5 mm deep in the 
bruss V'.ra^ Select a jewel graver with an ex- 
tremely hard, inlaid cutting edge (fig, 8-48) 
and enlarge the hole j^J.ightly. Then true the 
hole. 

3. Next, turn the jewel seat (fig. 8-49) to 
a depth a fraction niore than the width of the 
jewel for which it is intended. When you insert 
the jewel, it should lie a little rjelow the face 
of the mounting. 

4, Now select a long, pointed graver and cut 
a groove close to the opening of the surface 
of the mountir^, 

5, Then check the dotted lines in figure 
7-49 to learn how to turn the setting so that it 
fits the watch plate. 

6, Continue the process by moistening the 
jewel with oU (to hold it in place) and by in- 
serting it in the mounting. In order to set the 
jewel securely, rest a jewel burnisher on the 
T-rest and spin the metal adjoining the groove 
onto the je^yel. 

7. Before you cut off the unused part of the 
brass wire, check for endshake. If the amount 
of endshake is satisfactory, cut the wire off, 
turn it to the proper thickness, and strip it out 
with a sapphire jewel stripper or a highly 
polished graver. Polish the face by sliding it 
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over an agate polishing stone or a similar 
finishing agent. The mounted jewel is then ready 
for insertion In the plate. When you do this, 
adjust for endshake by raising or lowering the 
jewel in the pillar plate. 

When you replace a balance hole jewel in 
its old setting, allow a clearance of ,01 mm to 
,02 m-n from the bottom of the hole to the outer 
edge of the setting — to ensure proper capillary 
action of the . oil when the endstone is in position 



against the pivot. If your mounting appears to 
fit loose, spread it by ta^^ it on a staking 
stump with an inside taper punL-.i. 

If you should be required to x-emake a back- 
plate for a tachometer, acquire a sheet of stain- 
less steel of the correct thickness and make a 
layout using a template. See chapter 8, Blue- 
print Reading and Sketching, NavPers 10077-C, 
for sheetmetal layout drawings. Then cut and 
drill the plate to the correct specifications. 
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CHAPTER 9 

ELECTRIC TYPEWRITERS 



This chapter presents the IBM Selectric Type- 
writer, with cleaning instructions, operation and 
procedure for adjustments. As an Instrumentman 
First Class, you must be able to analyze casual- 
ties, disassemble, clean, inspect, replace faulty 
parts, reassemble and adjust Selectric Type- 
writers. 

Space in this text doss not allow a detailed 
discussion of all makes and models. The standard 
electric models are discussed in IM 3 & 2, Nav- 
Pers 10193-C, and further details of the standard 
electric models can be found in appropriate 
manufacturers' handbooks and instruction man- 
uals, as with the IBM Selectric. 



THE IBM SELECTRIC TYPEWRITER 

ONE OF THE earlier versions of the type- 
writer was based upon a principle that now has 
been used to make the. first major innovation 
in the design of typewriters. The principle used 
by W. A, Burt in 1929 is one that you should be. 
familiar with if you have- ever seen a toy type- 
writer. The type that Mr. Burt used for his 
typewriter was regular printer's type mounled 
on a semicircular device. The idea was to rotate 
the device until the desired letter was in the prop- 
er position and then press it down against the 
paper to print. Mr. Burt invented his machine to 
cut down on the time he was spending on his paper- 
work. After Spending considerable time and ef- 
fort on perfecting his typegrapher, Mr. Burt found 
that the machine looked good, printed a nice 
line, and had only one defect. The one draw- 
back was that it was ''slightly" slower thanlong- 
hand. 

The Selectric typewriter; which is IBM*s 
latest model, is also based upon the principle of 
a rotating t3^ing element. The type element is 
round like a ball and has the alphabet on it in 
both uppercase and lowercase. In addition, this 
type head, as it is called, has numerals from 0 
to 9 and the necessary punctuation to prepare 



typewritten material. The type head can be 
rotated and tilted until the selected character is 
in the proper position and then the type head 
strikes a ribbon which makes an impression on 
paper. One of the main differences between this 
machine and Mr. Burt's 1829 model is that this 
machine, operated by a magnetic tape control 
unit, can achieve a si^eed of 190 words per 
minute which is "slightly" faster than long- 
hand. 

Most of the features found in this machine are 
unique. However, you will find some similarity 
to some of the equipment we have previously 
discussed. The use of this machine is on the 
increase in the Navy, It is used as the printout 
unit for many of the electronic data processing 
units being installed in the Navy and in industry. 

So, let's look at some of the details of the 
components that make up this unique electric 
t3rpewriter. 

MOTOR AND DRIVE 

MOTOR AND ELECTRICAL PRINCIPLES.— 
The motor now used in the Series 72 Selectric 
Typewriter is a shaded pole, induction type 
motor that requires 115 volts, 60 cycles AC, 
It is rated at 1/40 hp. The motor, illustrated in 
figure 9-lA is mounted at the left rear corner 
of the machine with the pulley toward the right. 
It is attached to an adjustable bracket at each 
end by ring-shaped spring retainers that encircle 
the rubber motor mounts. 

You should seldom, if ever, have to dis- 
assemble the motorj if you do, hitwever, be care- 
ful not to invert either end beU when replacing 
it* If the end bells are inverted, the oil hole 
in the left end bell and the notch in the bearing 
will be on the bottom. 

The starting torque for the motor is provided 
by the shaded pole principle. No capacitor is 
required as in motors used with previous models. 
The motor has an internal circuit breaker to 
prevent damage to the field coil in the event 
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Figure 9-1. — Motor unit. 
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the switch is left on with the machine stalled. 
The circuit opens only if the motor is allowed 
to remain stalled for a long period of time; 
therefore, there is no danger of an open circuit 
during normal operation. The motor stalls only in 
rare cases where a maladjustment or parts 
breakage causes, the machine to lock. After a 



stalled motor has regained normal tempsratuce, 
the circuit breaker again closes the circuit. The 
circuit breaker continues to open and close as 
long as the motor is stalled and the switch is 
left on. 

Because of its design, the shaded pole motor 
tends to run at a higher temperature than other 
t^'pewriter motors. Care should be taken in 
handling the motor to prevent being burned. 
In order to prevent overheating, a cooling system 
is incorporated in the design of the motor. The- 
Instrumentman must know how and where to 
ground the IBM Selectric typewriter. A .single 
ground connection will not provide complete pro- 
tection to the operation. You must be able to 
point out to the electrician huw the motor is to 
be grounded. 

In two-wire, ungrounded systems, the motor 
is insulated from the powerframe by its rubber 
motor mounts. In order to convert to a three- 
wire grounded system (see the schematic in 
fig. 9-lB), replace the line cord with a three- 
wire cord and attach the ground lead to the power- 
frame at the cord clip screw. To complete the 
grounding, insert a metal clip in the motor 
mount so as to contact the hexagon end of the 
motor and the metal ring surrounding the rubber 
mount . 

The switch and switch lever are mounted 
on the right side of the keyboard. The switch 
lever operates the electrical switch by means of 
a short link extending to the rear. It is operated 
by pressing down on the rear of the lever to 
turn the machine on and by pressing down on the 
front to turn the machine off. The switch lever 
is labeled '»0N" and "OFF." When the switch 
lever is in the ON position, a contrasting color 
at the front of the switch lever shows just above 
the case. This calls attention to the fact that the 
machine is on to minimize chances of leaving 
the machine running when it is not in use. In 
addition to operating the typewriter switch, the 
switch lever also controls the keyboard lockout 
mechanism. This mechanism is discussed in the 
keyboard section. 

DRIVE MECHANISM.— An eight-toothed mo- 
tor pulley provides positive drive for the op- 
eration of the machine. A positive-drive belt 
transfers the rotation of the motor pulley to the 
cycle clutch pulley with a speed reduction of 
3 5/8 to 1. To insure the motor will be allowed 
to start under a heavily loaded condition, a 
centrifugal clutch has been incorporated in the 
motor^ pulley design. The motor is allowed to 
approach normal operating speed, then the clutch 
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engages to drive the machine. The momentum, 
developed by the rotor causes the machine to 
start even though several mechanisms ma}^ have 
been tripped with the switch on while the machine 
was disconnected from the electrical outlet. 

The motor pulley oi^e rates freely on the end 
of the rotor shaft and is held in place by a grip- 
ping retainer, Katchet teeth extend radially from 
the left end of the pulley as shown in figure 9-2, 
A clutch plate hub assembly is setscrewed to 
the rotor shaft just to the left of the motor pulley. 
Pivoted on the plate are two clutch pawls. When 
the motor is off, the pawls are spring-loaded 
against stop lugs on the clutch plate. When 
the motor is turned on the clutch plate turns 
with the rotor. Centrifugal force causes the 
clutch pawls to pivot on the studs of the clutch 
plate so that the tip of one of the pawls engages 
a tootli of the motor pulley. The pulley is then 
caused to rotate and drive the machine by means 
of the cycle clutch pulley. The cj^cle clutch 
pulley is mounted to a hub in the center of the 
powerframe. The hub is supported by a porous 
bronze bearing and is in continuous rotation with 
the pulley whenever the motor is running. 

Look at figure 9-3 and you will see that 
on either side of the cycle pulley hub is a shaft 
extending into and supported by the hub. The 
shaft to the left of the hub is called the cycle 
shaft. The cycle shaft is driven by a spring 
clutch. The clutch is allowed to engage when- 
ever a letter keylever is depressed. The cycle 
shaft powers the positioning of the type head to 
the desired character. Its rotation is vestricted 
to 180"^ each time a character prints. After 180'' 
rotation, the spring clutch is disengaged, allow- 
ing the shaft to remain stationary. The cycle 
clutch is discussed fully in a later section. 

Through a series of idler gears at the left, 
two other shafts are driven by the cycle shaft 




91.424 

Figure 9-2. — Motor pulley clutch. 
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Figure 9-3. — Drive mechanism. 



each tinie it operates. They are the filter shaft 
and the print shaft. The filter shaft operates the 
character selection mechanism, the print escape- 
ment, the shift interlock, and a spacebar lockout 
device. The print shaft operates the print mecha- 
nism, type aligning mechanism, and ribbon feed 
and lift m'echanisms. The shaft to the right of 
the cycle clutch pulley hub is the operational 
cam shaft. AH powered functional (nonprint) op- 
erations are driven by its rotation. The func- 
tions involved are spacebar, backspace, carrier 
return, indexing, and shift. The shaft also con- 
trols the speed of the carrier during a tab opera- 
tion. Each of the functions is discussed in detail 
in its own section. Figure 9-4 shows that the 
operational camshaft is driven by the cycle 
clutch pulley hub and is in/ continuous rotation 
whenever the motor is running. The right end 
of the shaft operates in a self-aligning porous 
bronze bearing. The left end extends into the 
cycle clutch pulley hub, where it is supported 
by a vinyl sleeve. The sleeve provides a snug 
fit for the shaft in the hub to prevent any ntise 
due to vibration, Tho driving connection between 
the cycle clutch pulley hub and the operational 
shaft is made by two extensions of the hub that 
fit into cutouts in the left side of the torque 
limiter hub. The torque limiter hub is held in 
position at the extreme left end of the shaft by 
two setscrews. Two nylon inserts fit into the 
cutouts of the torque limiter hub (around the ex- 
tension of the cycle clutch pulley hub). The in- 
serts provide a noiseless driving connection be- 
t^een the two hubs. 
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Figure 9-4. — Operational cam shaft drive 
connection. 



TYPE HEAD 

CARRIER ASSEMBLY. — The printing element 
is a ball-shaped type head containing eighty- 
eight characters. The type head is supported in 
front of the paper by a framework called the 
carrier. The carrier is the box-shaped casting, 
shown in figure 9-5 that moves laterally just in 
front of the platen. Its purpose is to transport 
the type head and other related mechanisms along 
the writing line. Almost the entire print mech- 
anism is contained within the carrier assembly. 
In addition, the carrier al .so :3upports the ribbon, 
ribbon feed and lift mechanisms, and a bracket 
that controls the left and right margins on the 
paper* At the front of the carrier, a sleeve fits 
into two bronze bearings in the carrier. The 
sleeve, called the , print sleeve, must rotate 
within the carrier. It also slides left to right on 
the print shaft ^ to provide the front support for 
the carrier. An oil-soaked, felt ring surrounds 
the print shaft and is enclosed in a retaining cup. 
at each side of the carrier.As the carrier moves, 
the felt ring, called the print shaft wiper, spreads 
a light film of oil on the shaft to lubricate the 
print sleeve. Oil from the print shaft wipers 
is also absorbed by the bronze bearings in the 
carrier casting to lubricate the rotation of the 
print sleeve. 

Carrier Support. — The carrier support, is 
shown in figure 9-6. The upper shoe fits loosely 
on its eccentric mounting stud and iR spring- 
loaded against the top surface of the escapement 
rack. This spring load, provided by a leaf spring, 
removes the play between the lower shoe and 
the bottom of the escapement rack, thereby eli- 
minating any vertical play at the rear of the 
carrier during a print operation. The bottom 
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Figure 9-^5. — Front carrier support. 



shoe is a nylatron block mounted to a plate 
that is fastened to the rear of the carrier by the 
same stud that mounts the upi:;er shoe, A stud, 
riveted to the plate, anchors the left end of the 
leaf spring. The right end of the spring presses 
against the underside of the escapement bracket. 

Rocker, — The rocker, shown in figure 9-7 is 
a pivoting platform located within the rear por- 
tion of the carrier. .Its purpose is to carry the 
type head to and from the platen for the print 
operation. Components involved in the type head 
positioning and aligning operations are also con- 
tained within the rocker. The rocker pivots on 
the rocker shaft at the rear of the carrier. Two 
bronze bushings, pressed into the rocker, pivot 
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Figure 9-6.— Rear carrier support (new style). 
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Figure 9-7. — Rocker assembly. 



on the shaft and act as the beaming surface for 
the rocker. A C-clip on the right side of the 
rocker shaft prevents side play in the rocker. A 
steel thrust washer at the left of the rocker acts 
as a lateral bearing surface for the rocker. At- 
tached solidly to the top of the rocker platform 
is the yoke. The yoke . has two arms that extend 
up to provide a pivot mount for the tilt ring. 
Mounted at the top oi the tilt ring is the upper 
ball socket to which the type head is att: :jhed. 
As the rocker pivots up in front, the yoke .njves 
the tilt ring and the type-head toward the platen. 

• TYPEHEAD. — Assumjng machine is in lower 
Case or ''home" position, before printing can 
occur the desired character must be in position 
to strike the paper. The surface of the type head 
contains four bands of raised characters with 
22 in each band. See figiires 9-8A and 9-8B. 
Each band has eleven lowercase characters in 
the hemisphere facingtoward the platen and eleven 
uppercase characters in the hemisphere facii}.g 
away from the platen. At rest, the position of the 
type head is such that the middle character of the 
^inr^er band is in position to strike the platen. This 
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Figure 9-8. — Typehead, 



is the letter **z.'' If any character other than the 
''z*' is desired, the head must be tilted up and/or 
rotated jn either direction until the desired char- 
acter is in the printing position. The arrange- 
ment of the characters on the typehead may 
be found on figure 9-9. 
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Figure 9 -9. — Character arrangement on typeheacl. 
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Any lowercase character may loe reached 
by rotating the tyi^e head up to five positions 
in either direction and tilting the head as much 
as thi^ee bands from the rest position. The type 
head always rotates back to the "z" or *'home*^ 
position, after a character has been typed. If 
an uppercase character is desired, the head must 

rotated counterclockwise an additional 180° 
so that the uppercase hemisphere of the type 
head is toward the platen. The single -unit type 
head has the advantage over conventional type- 
bars of being relatively inexpensive and easily 
detached from the print mechanism. This en- 
ables the operator to change quickly from one 
type style to another merely by replacing the 
t^T^e head. 

Now consult figures 9-8A, 9-8B, and 9-8C 
lo see h .w the type head fits around a post, 
called the upper ball socket, at the top of the 
rocker assembly and is held in place by a spring 
clip. The spring clip is located on top of the 
type head and fits into a groove in the top of the 
post. A convex disc covers the spring clip ex- 
cept for two ears. The ears of the spring clip 
are used in removing and installing the head. 
Press the two ears together and you disengage 
the spring clip from the groove in the mounting 
post allowing the head to be slipped up and off. 
You install the ^ype head by pressing the ears 
of the spring clip together and slipping the head 
into place. The type head is -keyed to the upper 
ball S(.cket by a pin so that it can be installed in 
one position only. The head must be rotated as 
it is installed until it drops into position on 
the pin. The spring clip is then released to 
lock the head in place. When the mechanism 



is at re^",t, the type head is always in the '*z*' 
position. When the shift mechanism is in the 
lowercase position, the ears of the head clip 
are toward the front of the machine. 

TILT MECHANISM 

The purpose of the tilt mechanism is to 
raise the rear of the type head to the desired 
character band so that a character in that band 
may be brought to the printing point. Refer to 
figure 9-7 and you will see that the upper ball 
socket is attached to a platform-like part called 
the tilt ring. The tilt ring pivots on two pins 
between yoke arms that fit up inside the hollow 
of the type head. The yoke assembly is fastened 
to the rocker to complete the type head mount- 
ing. The tilt ring is located at about the center 
of the type head. As the tilt ring pivots on its 
pins, it causes the type head to tilt. Because the 
type head rests with the upper barJ<. in the print 
position, all tilt operations are upward from the 
rest position. 

As indicated in figure 9-10 we see that a 
small steel tape encircles the sp.ctor pulley and 
has one end attached to it. When the tape is 
pulled, it causes counterclockwise rotation of the 
tilt tube and an accompanying tilt of the type 
head. When the pull on the tape is relaxed, the 
sector pulley is restored by its spring, causing 
tho type head to return to the rest position: From 
the fMlley, the tilt tape is guided through the 
hollow left end of the rocker shaft by a rounded 
tape guide block attached to the bottom of the 
rocker. The tilt tape extends to the left around 
a small tilt pulley back to the right around a 
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Figure 9-10. — Tilt tape system. 
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similar (but stationary) pal ley, and is attached 
to the right side of the carrier. This arrange- 
ment allows left to right movement of the carrier 
without distuiMjing the position of the type head. 
When a tilt operation is required, the distance be- 
tween the two side pulleys is increased by mov- 
ing the left pulley away from the other. This 
causes a pull on the tilt tape. The pulley on the 
right is solidly mounted and is moved for adjust- 
ment only. The left pulley is attached to a pivot- 
ing arm called the tilt arm. Movement of the arm 
to the left exerts a pull on the tilt tape, causing 
the tilt tube to rotate and tilt the type head. 



NEW STYLE (GEARLESS TILT).— The gear- 
less tilt mechanism operates basically the same 
as the early style mechanism. The tilt ring is 
moved by the operation of the tilt section pulley 
shown In figure 9-11 . A pull on the tape causes this 
pulley to rotate about its mounting stud; the tilt 
pulley link transfers the motion to the tilt ring. 
When the pull on the tape is relaxed, the tilt 
sector pulley is restored to rest by its extension 
spring. The tilt pulley link is fastened to the 
tilt sector pulley by a ball-shouldered rivet to 
allow the link to pivot in all directions. The 
other end of the link is fastened to the tilt ring 
by a pin and C-clip. 



LATCH BAIL.— The cycle shaft shown in 
figure 9-12 has three double-lobed cams on it 
that power the positioning of the tyi)e head. The 
three cam^^ are separated on the cycle sh.'ift, one 
on the left and two on the right. The left cam 
and the middle cam are paired to operate the 
latch bail located just beneath the cycle shaft. 
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Figure 9-11. — Gearless tilt. 
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Figure 9-12. 
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-Cycle shaft and latch Ijail. 



The right caTJ (the "5-unit cam") can Ixj-dis- 
regarded for the moment. The cycle shaftpowers 
the positioning of the type head by operating the 
selector latch bail. The latch bail is a box- 
shaped fram': located just beneath the cycle shaft. 
Two short arms for the frame extend forward 
where they pivot on a shaft mounted t^? the power- 
frame. Each side of the latch bail contains a 
roller that is constantly in contact with its cycle 
shaft cam. An extension spring at the rear of 
the latch bail applies a constant upward pressure 
to hold the rollers against the cams. Each time 
the cycle shaft operates 180°, the bail is forced 
down at the rear, pivoting about the bail shaft. 

Now look at figure 9-13. The rear of the 
latch bail is recessed at six points. Five of the 
recesses contain selector latches. The sixth 
recess is for special applications of the machine. 
Across the rear of the latch bail is a plate at- 
tached by four screws. Each selector latch has 
a lip formed to the rear just under the bail plate. 
An extension spring holds each latch to the rear. 



Positive Selector Cam 




Selector Latch 



The five selector latches are components of the 
differential lever assem)>]y that determines how 
much tilt and rotation the head receives. The two 
latches to the left tilt the head, while the three on 
the right rotate the head. If the latches remain to 
the rear under the plate, they are pulled down 
when the bail is operated. If any latch is held 
forward, it is not hooked under the bail plate 
and is not pulled down during an operation of 
the latch bail. Tho. method of pulling the various 
latches forward is discussed in a later section. 

TILT DJFERENTIAL. — The two tilt latches, 
shown in figure 9-14 are attached at each end of 
a short lever by ball shouldered rivets. The ball 
shape of the shoulders allows the latches to pivot 
in all directions. The lever is a'ltached a 
double vertical link to the tilt l:)ellcrank. The 
tellcrank pivots oii a stud at the top of the dif- 
ferential bracket. The connection of the double 
link is not in the middle of the lever; therefore, 
the movement d(3\^eloped by one tilt latch is 
greater than that of the other. A horizontal linlc 
connects the top of the tilt bellcranl< to the tilt 
arm. Operation of the bellcrank forces the tilt 
arm to the left and exerts a pull on the tilt tape. 

The tilt arm is sometimes referred to as 
the tilt multiplying arm, because the movement 
of the horizontal link is increased at the pulley 
iue to the leverage developed. The left tilt pulley 
is mounted to the tilt arm on a ball-shouldered 
pivot screw allowing the pulley to floaty This 
allows the pulley to remain horizontal regardless 
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Figure 9-13,. — Latch bail — side view. 
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Figure 9-14. — Tilt differential at rest. 
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of the position of the tilt arm. It must remain 
hoi^izontal to prevent the tilt taj^e from oonr ag 
o[f the pulley. 

Look at figure 9-15A The tilt bellcrank is 
rotated I)y a pull on the tilt latches. When the 
left latch is held to the front, the right one re- 
mains to the rear, and only the right latch is 
forced down by the latch bail. As the latch pulls 
down on its attached lever, the left end of the 
lever pivots against a stop lug formi-d out from 
the differential Ijracket. T'le vertical link Irom 
the lever is then pulled to operate the tilt bell- 
crank. 7'he same action occurs if the left latch 
is pulled down by the latch bail while the right 
latch is held forward. The distance the v^ertical 
link is pulled is not the sam? for both latches, 
iDCcause the link is not connected to the middle 
of the lever. 

When only the right latch is operated oy 
the bail, the left end of the lever is not pulled 
down and acts as a pivot point. The vertical 
link is attached to the lever one-third of the 
distance from the pivot point to the right latch- 
This causes the link to l:)e pulled down only 
one-third as far as the latch is pulled by the 
bail. The movement of the link is sufficient 
to cause the type head to tilt a distance of one 
band of characters, Tiis places the second bank 
from the top in the printing position. When only 
the left latch is operated, the right end of the 
lever acts as a pivot point, as illustrated in 
figure 9-15 B. Vertical link is then two-thirds 
of the distance from the pivot point to the opera- 
ting latch and is moved two-thirds as much as 
the latch. This movement is sufficient to cause 
the type head to tilt a distance of two bands of 
characters. The third band is then in the print- 
ing position. 

When both latches remain to the rear under 
the latch bail, as they are in figi^^e 9-15C 
both are operated. The lever mo^^ F^'^aight 
down and neither end acts as pivot This 
causes the double vertical link to receive the 
same motion as the latches, resulting in three 
character bands of tilt. The fourth band is then 
in the printing posi'^ion. Wh^n .)^)?>'a^'>d by it- 
self, the right tilt latch causes a tilt of one 
character band; therefore, it is referred to as 
the tilt-1 latch. Because the left latch causes 
a tilt of two character bands, it is called the 
tilt-2 latch. Both latches operated together cause 
a tilt-3 action. 
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Figure 9-15. — Tilt operations. 
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Figure 9-16. — Rotate mechanism — rocket portion. 



ROTATE ?^ECHANISM 

The rotate mcohanism positions the rear 
of the t^'pe head left or right to the desired 
character within a tilt band. The upper ball 
socket to which the type head is attached, has 
a shoulder at the bottom fitted into a hole in 
the tilt ring. The fit is very close, yet permits 
free rotary mo':ion of the upper ball socket. 
The upper I) a II socket is held in place by the 
tilt ring spacer. The spacer is attached directly 
to the tilt ring and fits around a flange of the 
upper ball socket. The tilt ring spacer is shim- 
med to allow rotation of the upper ball socket, 
yet restrict up and down play. Look now at figure 
9-16 and you will see that the underside of the 
upper ball socket is hollow and forms the socket 
for a ball joint connection. A dvog-bone-shaped 
ball joint fits into the socket over a pin that 
extends through the socket. The ball joint is 
identical at both ends. The lower end fits over 
a pin in the lower ball socket, ^hese tw^o ball 
and socket connections act as universal joints 
to permit the type head to be rotated and tilted 
at the same time. The rotate shaft operates 
directly inside the hollow of the yoke. 

The bottom cr^ tne shaft pivots in a hole in 
a plate attached to the bottonn of the rocker. 
This plate acts as a bearing for the bottom of 
the rotate shaft. Attached near the bottom of 
the shaft is the rotate pulley, similar in operation 
to the tilt sector nuUey. By means of the upper 
and lower ball sockets and the ball joint, the 
rotate pulley operates to rotate the type head 
in either direction. 



As on the tilt mechanism, the rotate jralley, 
(fig. 9-17), is operated by a steel tape that 
passes around two side pulleys and attaches 
to the carrier. When either of the side pulleys 
moves away from the other, the type head is 
rotated cou^iterclockwise by the pull of the 
tape. When either side pulley moves toward the 
other, the type head is rotated clockwise by the 
tension of the rotate pulley spring. The rotate 
spring is of the mainspring type enclosed in a 
stationary cage with the outer end of the spring- 
attached to the cage. The inner end of the 
spring is connected to a huf) on the rotate 
pulley, A spring of this type must be used here 
rather than an extension spring, as is used on 
the tilt sector pulley» because the type head is 
required to rotate almost a full revolution. 

The right-hand rotate pulley is attached to 
the shift arm and mjves only during the shift 
operation; therefore, consider it to be stationary 
for the present. The left-hand rotate pulley is 
attached to the rotate arm. When the arm moves 
away fj ■ -ni the sideframe, it exerts a pull oti the 
tape to rotate the tyi:je head counterclockwise. 
This direction is known as the positive direction 
of rotation. When the left-hand rotate pulley 
moves toward the sideframe, the rotate spring 
turns t]ie rotate pulley and rotates the type head 
in a clockwise direction. This direction is known 
as the negative direction of rotation. 

POSITIVE ROTATE DIFERENTL^L, — The ro- 
tate differential is much the same as the tilt 
differential. The latches are operated by the latch 
bail if they are allowed to remain to the rear 
under the bail. Each operates with a different 
leverage for different amounts of rotation. Ro- 
tation of up to five characters is sometimes 
required on either side of the rest position. 
This requires more latches and levers than 
for a tilt operation. 

Look at figure 9-18A and consider first the 
positive rotation of the type head. Three latches 
and a series of three levers are involved in 
positive rotation. The three latches are those 
farthest to the right in the latch bail. All the 
latches are spring-loaded to the rear under the 
latch bail and are operated by the bail unless 
they are pulled forward. The two latches-on 
the extreme right are mounted by ball-shouldered 
rivets to a short lever similar to the tilt latch 
mounting. 

A flat double link extends vertically from 
the lever to a second lever above it. The con- 
nection is at the right end of the second lever 
and one-third of the distance from the right 
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Figure 9-17.— Rotate tape system. 
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end of the first lever. The third latch is con- 
nected by a ball- shouldered rivet to the left 
end of the second lever. Becuase its mounting 
point is higher than the other latches, the third 
latch is much longer than the others to permit 
latching under the bail at the bottom. 



A second vertical link connects the sec- 
ond lever to the left end of the third lever 
in the series* The link is attached to the second 
lever two-fifths of the distance from the right 
end. The third lever is an adjustable lever con- 
nected at the middle to the horizontal arm of 
the rotate bellcrank. It is referred to as the 
balance lever, because its adjustment balances 
the amount of motion between positive and nega- 
tive rotation* The right end of the balance lever 
is held stationary during positive rotation. A 
downward pull at the left end causes the rotate 
bellcrank to operate. A heavy link connects the 
bottom of the rotate bellcrank to the bottom of 
the rotate arm. The rotate arm is sometimes 



referred to as the rotate multiplying arm, be- 
cause the movement of the rotate link is in- 
creased at the pulley as a result of the leverage. 
Operation of the bellcrank counterclockwise 
causes the rotate arm to pivot about its ful- 
crum point and exert a pull on the rotate tape.. 

Look at figure 9-18B. In order to operate 
the balance lever, one or more of the latches 
must be pulled down by the latch baiL Con- 
sider the latches one at a time, starting with 
the middle of the three rotate latches. When only 
the middle latch is allowed to remain under the 
latch bail, it is the only one pulled down when 
the bail operates. As the middle latch is pulled 
down, its attached lever moves down at the left 
and pivots at the right on a stop lug formed out 
from the differential bracket. The vertical link 
is attached to the lever one-third of the distance 
from the pivot point to the latch. This causes 
the lirik to be mo/ed do-yn one-third as much 
as the latch. 

The link exerts a pull on the right end of 
the second lever, causing it to pivot on its 
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Figure 9-18. Rotate operations. 
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stop lug at tne left eud. The second vertical 
link is attached to the lever three -fifths of the 
distance from the pivot point to the operating 
end of the lever The second link moves three- 
fifths as much the right end of the lever. 
The right end of the second lever moves one- 
third a.5 much as the latch. Multiplying the two 
together, the second vertical link moves three- 
fifteenths, or one-fifth as much as the latch. 
The second vertical link operates the left end 
of the balance lever, which in turn actuates 
the rotate bellcrank. This movement is suf- 
ficient to cause a positive rotation of one char- 
acter on the type head. The movement is caused 
by the operation of the middle rotate latch,, so 
it Is referred to as the rotate-1 latch. 



When only the right-hand latch Is operated, 
the movement of the rotate l^ellcrank is doubled, 
and a positive rotation of two characters is 
obtained on the type head. The increased move- 
ment is obtained at the first lever. When the 
right-hand latch moves down, the lever pivots 
on a stop lug at the left. The vertical link is 
attached two-thirds of the distance from the pivot 
point to the latch; therefore, the link moves 
down two-thirds as much as the latch. This is 
twice as much as for the rotate-1 latch. The 
right-hand latch is referred to aJ3 the rotate-2 
latch. 

Now in figure 9-18C the dra wing shows that 
when both the rotate-1 and rotate-2 latches are 
operating together, the first lever moves straight 
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clown without pivoting at either encU This gives 
the same amount of motion to the first vertical 
link a'5 is given to the two latches. Movement 
of the link is three times as much as when 
o}..^ rated by the rotate-1 latch alone. The ad- 
ditional movement is transferred to the rotate 
tellcrank to rotate the type head three char- 
acters in the positve direction. When additional 
rotation is required the third rotate latch must 
te used. 

The left-hand latch is never used alone; 
but to clarify its leverage in relation to the 
other latches, consider it to be the only one in 
operation. The left-hand latch is attached directly 
to the end of the second lever. When operated, the 
latch causes the left end of the second lever to 
move down. The right end of the lever cannot 
rise, so it acts ar^ a pivot point. The second 
vertical link is attached to the lever two-fifths 
of the distance from the pivot point to the latch; 
therefore the link moves down two-fifths as muoh 
as the latch. Movement of the link is twice as 
much as when the rotate-1 latch is operated 
alone. Therefore, the movement obtained from 
the left-hand l.itoh is sufficient to rotate the type 
head two characters in the positive direction. 
Since the right-hand latch is called the rotate-2 
latch,- the left-hand latch is referred to as the 
rotate-2A latch. 

Look at figure 9-18C. The 2 A ]^tch is never 
used by itself. When its motion is added to that 
of one or both of the other latches, rotation of 
four or five chnracters can be obtained. The 
rotate-1 latch is used for one-character rota- 
tion and the rotate-2 latch for two-character ro- 
tation. Both are operated together for three- 
character rotation. The rotate-2 and rotate-2A 
latches are operated for a four-character ro- 
tation. The rotate-1, rotate-2, and rotate-2A 
are operated for a five -character rotation. 

NEGATIVE ROTATION. — Positive rotation of 
the type head is achieved by operating the rotate 
beilcrank counterclockvise so as to create a 
pull on the rotate tape., If follows then that 
operating the rotate beilcrank clockwise allows 
the rotate pulley spring to rotate in a negative 
direction. The rotate beilcrank is controlled by 
the balance lever in the differential series. In 
order for the beilcrank to opera'^e clockwise, 
the balance lever must be raised. The left end 
of the lever cannot rise because the stop lugs 
on the bracket prevent any upward movement 
in the lever series. Therefore, if the beilcrank 
is to operate clockwise, the right end of the 
lever must be raised. The right end of the 




A. BAIL AT REST. 



Lotch Prevent5> Bail 







1 


i 


F 


ram 

o) 

% 




■ • 0 ; . 







B. POSITIVE ROTATE CYCLE. 



Latch Ailaws Bail 
q Ta Rice 




C. NEGATIVE ROTATE CYCLE. , 



91.441 

Figure 9-19.-~5-unit bail. 



balance lever has a flat link connection (5-unit 
drive linlc) to the 5-unit bail assembly, which is 
shown in figure 9-19A. The bail is a single arm 
located under the cycle shaft and pivoted in front 
on the bail shaft. When the 5-unit bail is allowed 
to rise, the right end of the balance lever rises 
to allow clockwise operation of the rotate bell- 
crank. 

The 5-unit Dail is prevented from rising by 
the 5-unit latch at the rear, as illustrated in 
iigiire 9-19B. The latch is mounted to the dif- 
ferential bracket and pivots front to rear. In the 
rest position, the latch is positioned above the 
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head of an adjusting screw at the rear of the 5- 
unit bail. When the latch is pulled formird the 
bail is allowed to rise, as shown in figure 9^19C. 
The force which raises the bail comee from the 
rotate pulley spring and the spring attached to 
the rotate arm. These springs are applying a 
constant force on the rotate bellcrank in the 
clockw.ise direction. 



Th(i j-unit bail is restored down by the ex- 
treme right-hand cam oa the cycle shaft. The 
high point of the cam is 90^ from the high point 
of the other two cams. This ins'ores that when 
the latch bail is driven down in the active 
position, the 5-unit bail can be up in the active 
position. Conversely, when the latch bail is up in 
the rest position, the 5-unit bail is down in the rest 
position. Note that the 5-unit bail is held down 
in the rest position by the cam rather than by 
the 5-unit latch. In the rest position, there is a 
clearance between the latch and the adjusting 
screw in the 5-unit bail, Tm clearance mu? f. be 
present to insux'e resettingof the latch at the com- 
pletion of a cycle. During a positive rotate or 
nonrotate cycle, the 5-unit bail rises slightly 
before being restricted by the 5-unit latch, which 
is shown in figure 9-19B. This upward movement 
of the 5-unit bail allows a slight clockwise, or 
negative rotation, of the type head. The type 
head rotates from the rest position to a'poh3ition 
known as the latched-home position. Consider 
all positive and negative rotations to occur from 
the latched-homo position. 



Look now at figure 9-20A. Movement of the 
5-unit bail from the latched-home point to the 
low point of the cam allows sufficient clock- 
wise movement of the rotate beUcrank to permit 
a 5-chara3ter negative rotation of the type head. 
If less than five units of negative rotation is de- 
sired, it is necessary to pull down on the left end 
of the balance lever as the right end goes up. 
This reduces the amount of clockwise movement 
of the rotate bellcrank. Operating one or more 
positive rotate latches down in conjunction wjth 
allowing the 5-unit bail to rise allows different 
amounts of negative rotation. The positive rotate- 
1 and negative-5 combine to allow a negative-4 
rotation. A positive-2 and negative-5 combination 
gives a negaWve-3 rotation. This is illustrated 
in fig^jre 9-20R. A positive-3 and a negative-5 
operation gives a negative-2 rotation. Apositive- 
4 pl.vis a negative-5 combination gives a hegative-1 
rotation. 
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Figure 9-20.-- Negative operations. 



KEYBOARD SECTION AND 
CHARACTER SELECTION 

The keyboard section is a compact unit that 
is detachable as a unit from the rest of the 
machine. Contained in the keyboard section are 
all the keylevers and allied parts and a selection 
mechanism for the differential latches. Depres- 
sion of a letter keylever prepares the selection 
mechanism for operation and tops the cycle 
clutch latch to allow a cycle operation. 

KEYLEVERS. — The keylevers pivot on a ful- 
crum rod at the rear of the keylever. Nylon rods 
at the top and bottom of the guide comb slots 
limit the travel of the keylevers in the front 
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Figure 9-21. — Keyboard section and character selection. 



guide comb. A lower extension on each ke/iever 
operates in the keylever bearing support to sta- 
bilize the keylever. The extension is illustrated 
in figure 9-21. 

The keybuttons are designed in the shape of 
a pyramid to make use of a keyplate unnecessary. 
The tops^of the keybuttons form a concave sloiDe 
to the keyboard for ease of operation. Keylever 
tension is supplied by a set of flat spring fingers 
under the front of the keylevers. The forward 
end of each spring finger Is cupped so that the 
spring will maintain— -its position under the 
keylever. Different spring tension is supplied 
to the four rows of letter keylevers by auxili- 
ary leaf springs under the keylever springs. The 
auxiliary spring fingers vary in length to offset 
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the leverage difference among the four rows of 
keylevers. This variation in spring tension re- 
sults in a uniform operating force requirement 
for all keylevers, 

A shoulder rivet attaches a keylever pawl 
to each keylever at the rear. A small spring 
attached from the pawl to the keylever holds the 
pawl in the rest position. The pawl extends be- 
low and is formed under the keylever in position 
to strike the top of an interposer. Adjusting lugs 
at the rear of the keylevers make it possible to 
adjust the relative height of each individual key- 
lever and keylever pawl. 

INTERPOSERS. — Still referring to fi^e 
9-21, we see that each keylever has a character 
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intei^posei^ located just ]:>elow it. The purpose of 
the Intex^posers is to select the amount of tilt and 
rotate needed to bring the desired character to 
the printing point, A large fulcrum rod passes 
thr-jugh an elongated .lole in the front of each 
interposer and provides a support on which the 
liiterposers can pivot aid slide. A guide comb 
at the Cront and rear separates the intex^poj-sers. 
The interposers are allowed to move up and 
down in the rea." guide comi) as well as front to 
rcai\ An extension spring from irach interposer 
to the top of the rear guide comb loads the 
intex'poser to the rear and up into the rest 
position. 

The interposers have several lugs extending 
from them, each with its own operation to 
pex'form. These lugs ai^e shown in figux^e 9-23. 
Each intex^poser has a !ug on top in position to 
Ije struck by the keylever pawl. On the bottom of 
the Interposers ax'e positions for eight lugs. 
Seven of the lugs are selective lugs. The absence 
of presence of these lugs in different position 
combinations makes the interposers different. 
There are no two alike. Tlie rearmost selective 
lug is for special applications of the machine. 

One lug on the bottom is comniun to all 
interposers. It is a wide lug located at the middle 
of the interposers. Its purpose is to release the 
cycle clutch for a cycle operation whenever a 
keylever is depressed. Directly below the lug is 
the cycle bail, shown in figure 21, that pivots up 
and down. Downward movement of any character 
interposer forces down on the cycle bail to re- 
lease the cycle clutch latch and allow a cycle 
operation. The cycle clutch release lug is cut at 
an angle on the bottom to prevent interference 
between the lug and the cycle bail as parts are 
restoring to the rest position. 
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Figure 9-22. — Selector interposer. 



INTERPOSER LATCH. -Look at figure 9-23 
and you see resting against the rear of e^c.h 
interposer a spring finger called the interposer 
latch spring. The spring fingers are slightly 
dcjflected to the rear when the interposers are at 
rest. When any interposer moves down at the 
r.ear, the spring snaps forward over the inter- 
poser and holds it down. The interposer remains 
down until it is pushed fox^ward enough to clear the 
spring finger. At that time it is raised and re- 
stored by its extension spring. An interposer 
must be latched down lo insure that it remains 
in the path of the filter shaft blade until the 
cycle operation occurs. Unless latched down, the 
interposer could restore upward without being 
driven forward. With this latching device, one 
interposer can latched down just as the pre- 
viously depressed interposer is being operated 
forward. The second interposer is then operated 
forward as soon as the cycle operation for the 
first interposer is completed. This is known 
as character storage and tends to even erratic 
typing rhythm. 

SELECTOR COMPENSATOR. —Again refer- 
ring to figure 9-23, we can see how the selector 
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FILTER SHAFT. —Still referring to figure 
9-21, when the interposer is depressed, it pushes 
the cycle bail down to unlatch the cyciooiutch and 
allows a 180° rotation of the cycle shaft. Rota- 
tion of the cycle shaft 180° also rotates thr filter 
shaft 180°. The filter shaft is a two-bladed sKaft 
located at the rear of the keyboard section and 
just below the ends of the interposer. I^^ pivots 
in a bronze bearing at each end and is connected 
by a gear train on the left side of the cycle 
shaft. When an interposer is depressed, the rear 
of the interposer is moved down in front of one 
blade of the filter shaft. As the filter shaft 
turns, the blade drives the interposer forward 
to ox)erate the character selection mechanism. 
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Figure 9-23. — Interposer latch and selector com- 
pensator. 
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compensator prevents simultaneous depression 
of two keylevers. Ensiu'ing that only one inter- 
poser at a time can 1^3 operated cId.v.i x.vl then 
forward. If more than one inter poser at a lime 
. were depressed, they would b*^ operated forward 
together and a selection error would result, 
causing the wrjng character to print. A hook- 
shaped lug at the rear of each interposer operates 
ia a device ca'led the selector compensator, 
which is attached to the rear interposer guide 
comb. The componsator ^jontains closely spaced 
steel balls that prevent downward moc^mou*; of 
two or more interposers simultaneously, as il- 
lustrated in figure 9-24A. 

When an interposer is down, the steel balls 
shift in the tube of the compensator to block 
the downwai'd movement of any other interposer, 
as illustrated in figiure 9-24B. Look back at 
figure 9-23 and you see that the hook portion of 
the interposer lug extends to the rear just to 
the center line of the steel balls, VVhen an 
interposer is driven forward after beingdeprossed 
at 'he rear, the lug is no longer between the steel 
balls, and another interposer can be depressed. 
With this arrangement, the operator does not 
h?V3 to wait until an interposer is restored up- 
ward iDefore actuating another. 

An adjustable stop at each end of the com- 
pensator tube keeps the balls somewhat cen- 
tered between the interposers. The balls are 
thus prevented from shifting too far left or 
right. If the balls were allowed to move too far 
under the interposer lugs, they would partially 
block the depression of an interposer and the 
keyboard touch would suffer. The stops are 
removable so that the s'lCcI ba'ls may be re- 
moved and cleaned if necessary, 

SELECTOR 3ALLS AND LINKS. — Now refer 
back to figure 9-21, and we will discuss the 
selector bails. Six selector bails are mounted 
between the side frames so they ca:i oi^erate 
forward and backward. Each bail is in front of 
a selector lug position on the interposers. When 
an interposer containing all its lugs is driven 
forward, all the selector bails are moved forward. 
If any lug is absent from an interposer, the bail 
for that position is not operated forward by that 
interposer. Six sliding interposers, called the 
latch interposers, are located under the left end 
of the selector bails. These interposers operate 
front to rear in the bottom of the interposer guide 
comb. Each latch interposer has a lug; that ex- 
tends up directly in front of a selector bail. 

As the selector bail moves forward, it moves 
the latch Interposer forward. The bails and latch 
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Figure 9-24. — Selector compensator action. 



interposers are paired so that each bail op- 
erates only one interposer. An extension spring 
at the bottom of each latch interposer loads the 
interposer and its selector bail to the rear. The 
latch interposers rest against adjustable lugs at 
the rear to prevent the bails from tjoing forced 
against the selector interposer lugs. This pre- 
vents the selector interposers from being against 
the bails as the interposers are depressed. The 
stop lugs help prevent the selector bails from 
bouncing as they are restored to the rear. An 
adjustable link connects each latch interposer 
to one of the selector latches of the differential 
mechanism. When a latcl. interposer is moved 
forward, the selector latch connected to that 
interposer is pulled forward to prevent its being 
operated downward by the latch bail. 

CYCLE CLUTCH LATCH. — Look at the cycle 
clutch mechanism in figure 9-25. Although not 
actually a part of the keyboard section, the cycle 
clutch latch is directly related to the keyboard 
mechanisms. It is through depression of a keylever 
that the cycle clutch is allowed to operate. The 
cycle clutch latch pivots on a bracket at the 
front of the powerframe. It pivots from the top 
and rests in a vertical position just in front of 
the cycle clutch sleeve * A thin metal plate 
mounted in rubber on the rear of the latch 
prevents rotation of the sleeve, thereby pre- 
venting the cycle clutch spring from tighten- 
ing on the cycle clutch pulley hub. The latch 
is held in this position by the cycle clutch latch 
pawl and link assembly that extends forward 
f r om the late h . The cycle c lutoh pawl pivots 
on the link. An extension spring between the 
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two parts rotates the front of the; pawl up into 
a latched position behind the cycle clutch keeper 
that we see in figure 9-25. 

The cycle clutch keeper is an additional 
plate, mounted on the cycle clutch keeper bracket, 
which is attached to the guide comb support 
under the front of the keyboard section. An 
extension spring exerts a pull toward the front 
on the cycle clutch latch link. The pawl, being 
attached to the link, prevents the link from being 
pulled for\\'ard. When the keylever is depressed, 
the interposer beneath the keylever forces the 
cycle bail *:o pivot downward. The cycle bail 
moves the cycle clutch latch pawl down, dis- 
engaging it from the keeper. The extension 
spring at the front of the link is then allowed 
to snap the link and cycle clutch latch forward 
disengaging the latch from the clutch sleeve. 
This allows the clutch spring to tighten and begin 
a cycle operation. 

A small lever, called the cycle bail damper, 
shown in figure 9-26 pivots at each side of 
the keyboard just above the cycle bail. An ex- 
tension of each lever rests against the front of the 
bail. An extension spring connected between the 
cycle bail and each damper has the dual purpose 
of restoring the cycle bail upward and holding 
the damper against the bail. The purpose of the 
damper is to lightly retard the upward move- 
ment of the cycle bail so as to prevent the bail 
from bouncing as it reaches its upward limit. 
Without the dampers the bail has a tendency to 
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bounce dov n and retrip the '^yole clutch, creat- 
ing an additional cycle. 

KESTOiUNG MECHAN[SM. —Now, in figure 
9-26 we see that the cycle clutch latch restoring 
mechanism consists of a cam and a cnm fol- 
lower. The cam, called the cycle clutch latch 
restoring cam, is a double-lobed cam uKiunted 
on the cycle shaft. The cam follower is an ex- 
tension of the cycle clutch latch, v/hLch pro- 
trudes to the rear of the machine just above 
the restoring cam. The extension Ivas a small 
adjustable steel roller mounted on it v/hich 
rides on the cam during a restoring operation. 
When the machine is at rest, the low point of the 
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Figure 9-26. — Cycle clutch latch restoring 
operation (r nv style). 
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restoring cam is directly below (but not in con- 
tact with) the steel roller. When a keylever is 
depressed, the cycle clutch latch pawl is pushed 
off its keeper, allowing the cycle latch to swing 
forward and release the cycle clutch sleeve. 
When the cycle clutch latch swings forward, the 
steel roller on the extension drops down onto-ttre 
restoring cam. As the cam rotates toward its 
high point, the steel roller is forced up, swing- 
ing the cycle clutch latch to the rear into the 
path of the cycle clutch sleeve. The latch is re- 
stored far enough to the rear to permit the cycle 
clutch latch pawl to reset on its keeper, 

KEYLEVER OPERATION, —Depression of a 
letter keybutton causes the front of the keylever 
to move down as the rear end pivots about the 
fulcrum rod. The keylever pawl at the rear of the 
keylever contacts the top lug of an interposer. 
Further movement of the keylever causes the 
rear of the interposer to move down as the front 
pivots about the interposer fulcrum rod. As the 
interposer moves down, a lug on the bottom of the 
interposer forces the cycle bail and the cycle 
clutch latQh pawl down, Further movement of 
the interposer allows the interposer latch spring 
to snap forward over the top of the interposer to 
maintain its downward position. 

At about the same time that the interposer 
latches down^ the cycle bail trips the cycle 
clutch pawl off its keeper to allow tlie cycle 
clutch to begin an operation. As the cycle shaft 
turns, the cama of the cycle shaft force the 
latch bail down. However, the contour of the cams 
is designed so that cycle shaft rotation does not 
cause immediate downward movement of the latch 
bail. During the '^dwell'* on the cycle shaft cams, 
the filter shj|.ft is operated to drive the depressed 
interposer forward. As the interposer is di:ven 
forward, the selector lugs that are present entire 
interposer push their respective selector bails 
forward. The bails cause the latch inter posers 
to pull the selector latches forward. 

As the selector mechanism is being op- 
erated forward, the cycle shaft cams start to 
force the latch bail down. All latches that re- 
main to the rear are operated down by the latch 
bail. (This does not apply to the negative-5 
latch, which must be pulled forward in order 
to allow a negative rotation,) The latches are 
pulled forward only for an instant. As soon as 
tho interposer has been pushed forward far 
enough to clear its interposer latch spring, it 
becomes free to restore ' vertically. The fact 
that the interposer cannot move up instantly 
out of the path of the filter shaft allows it to 



be drn^en farther forward. The interposer spring 
then raises the interposer and resto7:es it to the 
rear. This allows the latches to restore to the 
rear. By this time the latch bail has been forced 
down by the cycle shaft cams far enough to pre- 
vent resetting of the latches under the bail 
plate. The latches merely rest against the bail 
plate until the cycle operation has been completed 
and the latch bail has restored. The same action 
applies to the negative-5 latch, except that its 
bail is allowed to rise in the operation position. 
The negative-5 latch resets above its bail when 
the bail has been driven to its rest position. 
Look at figure 9-27. If the keylever has been 
held down throughout the operation, the rear 
edge of the interposer lug strikes the keylever 
pawl as the interposer restores to the rear. The 
keylever pawl is then deflected to the rear and 
remains in this position until the keylever is 
released. At this time it snaps forward above 
the interposer lug ready for the next operation. 
This arrangement insures a single operation I'e- 
gardless of how long the keylever is held de- 
pressed by the operator. 

REPEAT/NONREPEAT KEYLEVERS;— Re- 
fer to figure 9-28A. A repeat/nonrepeat operation 
is provided as a standard feature in the hyphen/ 
underscore position. The operation requires a 
special, two-piece keylever. One part of the 
keylever pivots about the keylever fulcrum rod 
at the rear and extends forward through the guide 
comb. It contains no keybutton but has the key- 
lever pawl attached, similar to the normal key- 
lever. The second part -of the kejlever is a short 
lever containing the keybutton. It pivots on a 
shouldered rivet at the rear of the long keylever. 



Keylever Pawl Deflected 




Keylever Spring 



91.449 

Figure 9-27, — Keylever held depressed.' 
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A, AFTER SINGLE OPERATION. 




B. HELD DEPRESSED, 



Figure 9-28.— Repeat keylever. 
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The fluent of the shox^t lever is restricted by a 
shouldered rivet through an elongated hole. A 
compression spring between the two pieces hoids 
the short lever up in its elongated hole. 

When the keybutton is depressed the two 
pieces act as one, and a single operation re- 
sults. If the keylever is held down, the keylever 
pawl is deflected to the rear as the interposer 
restores. Additional pressure applied to the 
keybutton overcomes the compression spring and 
causes the short lever to pivot downward. A 
special lug on the bottom of the short lever 
forces the interposer down for a second operation, 
as in figiire 9-28B. The special lug is wide 
enough so that the interposer is not allowed to 
restore upward as long as the keylever is held 
in the repeat position. The interposer mtn^eiy 
travels front to rear. As it does so, it prevents 
the cycle clutch latch pawl from resetting and 
results in a continuous operation. The repeat/ 
nonrepeat feature may be removed from the 
machine by replacing the two-piece keylever 
with a conventional keylever. 

KEYBOARD LOCK. —The drawing in figure 
9-29 should help you to better understand the 
keyboard lock. When the switch is turned off, 
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Figure 9-29. — Keyboard lock mechamsm— ON position. 

213 



91.451 



INSTOUMENTMAN 1 & C 



the keyboai^d miist be locked to prevent me- 
chanisms from being tripped while the motor 
is not running. This is to prevent the motor 
from having to start under a load and to pre- 
vent an unwanted operation the next timo the 
switch is turned on. Operation of the switch 
lever controls the keyboard lock mechanism 
by rotating the lockout bail that extends across 
the bottom of the keyboard section. When the 
switch lever is in the OFF position, the lock- 
out bail is moved forward into position below 
an extension of the cycle clutch latch pawl 
and prevents the cycle clutch from being re- 
leased; As additional insurance against an inter- 
poser being latched down, a special bellcrank 
ax the left side of the keyboard is rotated into 
the selector compensator by a link from the 
lockout bail. This forces the steel balls to shift 
in the tube and block the downward movement 
of all interposers. When the switch is on, the 
keyboard lock bellcrank is spring-loaded out 
of the selector compensator. A link from the 
right side of the lockout bail rotates a D-shaped 
shaft beneath the operational mechanism. The 
shaft locks the backspace, spacebar, carrier 
return, and indexing keylevers when the switch 
is off. The tab and shift keylevers are not 
locked. 

SHIFT MECHANISM 

The purpose of the shift mechanism is to 
rotate the type head 180° in the counterclockwise 
direction, This action places the uppercase hemis- 
phere of the type head near the platen for typing 
capital letters. Each uppercase character is in 
the same tilt band as its lowercase counterpart 
but 180° from it. Thus, depression of a keylever 
with the shift in operation causes an uppercase 
character to print. The shift mechanism con- 
sists of a shift arm, shift cam, spring clutch 
control mechanism, and interlocks. The shift 
mechanism takes its power from the right end 
of the operational shaft. All the components are 
concentrated in that area. 

SHIFT OPERATION. —Consult figure 9-30 
and let's see how the shift operates by moving 
the right- hand rotate pulley toward the right. 
The movement of the pulley creates sufficient 
pull on the rotate tape to cause a 180° type head 
rotation. The pulley remains in this position as 
long as the shift keylever is held depressed. 

Two keybuttons, one at each front corner 
of the keyboard, can be used to actuate the 
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Figure 9-30.— Shift cam and shift arm. 



shift mechanism. Now turn to figure 9-31 and 
you see that a bail between the two keylevers 
causes both of them to move together x^egardless of 
which one is depressed by the opex^ator. If the 
operator desires to keep the mechanism in the 
uppercase position, a shift lock is provided for 
this purpose. The shift lock is attached to the 
keylever and may be locked by depressing the 
shift lock keybutton. The shift lock may be re- 
leased by depressing and releasing either shift 
keybutton. 

Now, refer to figure 9-3^ ?.nd notice that the 
right-hand rotate pulley is fastened to the top 
of the shift arm. The arm pivots left to right on 
a pin at the bottom. A strap from the shift arm 
to the pivot pin stabilizes the shift arm to mini- 
mize front to rear movement of the pulley. In 
figure 9-32A, we see that in the lowercase posi- 
tion, an adjustment screw near the top of the arm 
rests against the head of a moion'ing screw on 
the side of the powerframe. This siaft arm must 
be forced to pivot outward for a shift operation. 
A disc-shaped shift cam fits around an extension 
of the operation shift bearing outside the side- 
frame. 

The cam operates between two rollers located 
at the rear of the cam. The roller to the left 
of the cam is in a fixed position on the power- 
frame and serves as a backup roller for the cam. 
The roller on the right is attached to the shift 
arm and rides the camming surface of the cam. 
The camming surface is on the right side of the 
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Figure 9-31.— Shift 



cam rather than on the perimeter. When the 
low point of the cam is between the two rollers, 
the shift arm is in lowercase position. The cam 
is operated 180° to the high point in order to 
force the arm into uppercase position, as shown 
in figure 9-32B. 

Look at the drawing in figure 9-33. The 
shift cam rotates only during a shift operation 
and receives its motion from the operation shaft. 
Since the operation shaft turns continuously when 
the motor is running, a clutch mechanism is re- 
quired to engage and disengage the shift cam 
from the operation shaft when a shift operation is 
desired. A spring clutch '*makes" and "breaks'* 
the driving connection between the operation shaft 
and the shift cam. 

The shift cam mounts on a shoulder on the 
right-Iiand side of the operational shaft bear- 
ing and is free to rotate about this shoulder. The 
operational shaft extends through the center of 
this bearing beyond the right side of the shift 
cam. An arbor (shift clutch arbor) is set screwed 
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lease mechanism. 




A. LOWER CASE POSITION B. UPPER CASE POSITION 
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Figure 9-32.— Shift operation— rear view. 
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Figure 9-33.— Shift clutch. 



to the shaft just to the right of the shift cam 
and turns with the shaft continuously. The draw- 
ing force to the shift cam comes from this arbor 
through a spring clutch that is fautened to the 
cam and encircles the arbor. The spring clutch 
is undersized and wound in the same direction 
that the arbor is turning. Therefore, anytime 
the spring clutch is allowed to collapse about the 
arbor it turns with the arbor, driving the cam. 
The cam is driven 180° each time a shift operation 
occurs. 

Usually, a spring clutch is considered to be 
one that tightens when its driving hub turns in 
the direction that the spring clutch is wound and 
slips if the hub stops or rotates back in the 
opposite direction. This is not true of all spring 
clutches. In the shift mechanism, the driving 
hub (the shift clutch arbor) is rotating con- 
tinuously in the direction that the spring clutch 
is wound. In order to stop shift cam, the spring 
clutch must be allowed to slip while the arbor 
continues to rotate. The only way to do this i^j 
to enlarge or expand the inside diameter of 
the spring clutch so that the driving action will 
)5top. In the shift mechanism, the shift spring 
clutch must be held in the unwound position so 
that it is enlarged enough to allow the arbor 
to slip freely inside it. To enlarge the spring 
clutch, one end of the spring must be held 
while the other is rotated in the unwinding 
direction of thz spring. The left end of the 
spring is formed out and fits into an adjust- 
able plate attached to the cam. The right end 
of the spring is formed to the ^^ight and fits 
^) * ito a hole in the shift clutch ratchet. The shift 



clutch ratchet is a gearlike part mounted on the 
end of the shift clutch arbor. A large C-cJip 
holds it in place. The arbor turns freely inside 
the ratchet when the shift is not being operated. 
Rotation of the ratchet counterclockwise causes 
the clutch spring to decrease in size. Con- 
versely, if the ratchet is held stationary while 
the cam is rotated counterclockwise, the spring 
diameter increases. 

The shift clutch ratchet has two lugs 180° 
apart on its left surface. One lug is nearer 
the center than the other and is referred to as 
the inner lug. The other lug is called the outer 
lug. The shift release arm, shown in figure 9-34A, 
is pivoted just in front of the cam and blocks 
the movement of the ratchet lugs to stop the 
rotation of the ratchet. The position of the shift 
release arm determines which lug of the ratchet 
will be stopped. The position of the shift release 
arm is controlled by a link from the arm to a 
lever attached to the end of the shift bail shown 
in figure 9-31. When a shift key lever is depressed, 
the bail rotates to force the link to the rear and 
operate the shift release arm. When the keylevers 
are at rest, the release arm is in position to 
stop the inner lug of the shift clutch ratchet. De- 
pression of a keylever causes the release arm 
to rise out of the path of the inner lug into the 
path of the outer lug. When the inner lug is 
released, the clutch spring iz allowed to de- 
crease in diameter by its own spring tension. 
It then tightens around the rotating shift clutch 
arbor and the hub of the cam to drive the cam. 
The shift clutch ratchet rotates with the cam 
and clutch spring 180°. The outer lug of the 
ratchet then contacts the shift release arnr:, that 
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Figure 9-34.— Shift clutch release arm. 
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has been raised into its path, and its rotation 
is stopped. The momentum of the shift cam 
causes it to rotate slightly farther- This fur- 
ther rottation causes the clutch spring to unwind 
and increase in dianj< tor to allow the shift 
clutch arbor to slip freely inside tihe spring. 

Once the shift cam's momentum has carried 
the c a no far enough to properly disengage the 
spring clutch the cam must be restricted from 
overthrowing its rest position. Overthrow is 
controlled by the shift cam stop, shown in figure 
9-35, which is attached lo the cam and operates 
against the inner lug of the shift clutch ratchet. 
As long as the shift keylever is held depressed, 
the high point of the shift cam remains to the 
rear holding the shift arm to the right. When 
the keylever is released, the shift release arm 
moves down out of the path of the outer lug and 
back into the path of the inner lug. This allows 
the clutch spring to again tighten and drive 
the shift cam and ratchet 180° back to the 
lowercase position. The inner lug of the ratchet 
then contacts the release arm to disengage the 
spring clutch as Ijefore. The shift cam stop again 
controls overthrow of the cam. 

Note that the shift cam stop always follows 
behind the inner lug of the ratchet when the 
ratchet and cam are operating. Whenever the 
ratchet is stopped by the release arm (on either 
lug), the momentum of the n^^irr 'tarries the 
stop further until the stop strikes ihe rear side 
of the inner lug. The horseshoe-shaped release 
arm, showin in B of figul"^^ 9-34 absorbs the 
shock of stopping tlie overthrow of the shift 
cam through the shift clutch ratchet. 

Back at figure 9-35 we see a small arm 
called the shift detent arm mounted on a pivot 
stud below and to the front of the shift cam. 



Although, the detent arm's primary function , is 
to operate the character interrupter mechanism, 
it is also used as a detent for the shift cam. 
As the cam approaches either the uppercase 
or lowercase position, a nylon roller mounted 
on the shift detent arm is spring-loaded into 
corx^esponding detent notches located on the 
outside surface of the cam. This helps to place 
the cam in its proper rest position for both 
uppercase and lowercase. 

Refer next to figure 9-36 Cam overthrow 
is a greater problem in returning to lower- 
case than in shifting to upi^ercase. As the cam 
returns to the lowercase position, the roller 
of the shift arm is rolling from the high point to 
the low point of the cam. The pressure of the 
roller against the receding surface tends to 
accelerate the movement of the cam. Excessive 
speed of the cam could cause a noisy operation 
and parts breakage. To prevent cam acceleration, 
a braking action is necessary. A shift arm 
brake made of heavy spring steel operates just 
in front of the shift cam. A nylon brakeshoe, 
attached to the end of the brake, rides a raised 
surface of the circumference of the cam. The 
friction applied by the brake prevents acceleration 
of the cam and causes the shift action to be the 
same for lx)th uppercase and lowercase. 

CHARACTER INTERRUPTER. —If the shift is 
already in process when a letter key is depressed, 
the character must be delayed until the shift is 
completed. Otherwise the shift would l^e inter- 
rupted in mid operation and an erroneous char- 
acter would result. The character is delayed by 
blocking the cycle clutch release during a shift 
operation. When the shift cam starts an operation, 
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Figure 9-36.— Shift cam brake. 



91.457 

Figure 9-35. — Shift arm and detent. 
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; J Figure 9-37. "-Character interrupter. 



the detent must move out of the recess in the 
cam. A forward extension of the detent lever 
operates a bail under the right side of the key- 
board. A small pawl (character interrupter pawl), 
shown in figure 9-37 on the left end of the bail 
is rotated up into the path of the cycle clutch 
latch link. The pawl blocks the forward move- 
ment ,of the link and prevents the release of the 
cycle clutch. 

This interlocking action does not prevent the 
depression of the keylever or the interposer. 
The interposer is merely latched down into 
storage. When the shift action is completed, the 
detent enters the recess in the cam. The bail 
is rotated back to the rest position and the pawl 
moves out of the path of the cycle clutch latch 
link. The cycle clutch latch link is then pulled 
forward by its extension spring and the stored 
character is printed. If the shift keylever and 
character keylever are depressed simultaneously, 
both operate for an instant until the filter shift 
has a chance to actuate the shift interlock. Dur- 
ing that time, the character interrupter pawl 
collides with the bottom of the cycle clutch latch 
link. The character interrupter mechanism must 
yield in order to prevent parts damage. A torsion 
spring around the character interrupter bail 
loads the interrupter pawl against an adjustable 
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stop on the bail. If a collision occurs, the inter- 
rupter pawl can yield by overcoming the torsion 
spring as the interrupter bail rotates. 

SHIFT INTERLOCK. —Look at figure 9-38 
Operating the shift mechanism when the type 
head is in the process of printing would result 
in parts damage. The rotate detent would be en- 
gaged in a notch of the type head and the type 
head would be against the platen. At this time 
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Figure 9-38. — Shift interlock. 
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no rotation of the type head can te allowed; 
therefore, the shift must be prevented from 
operating once the type head has started toward 
the platen. 

We have seen that the shift spring clutch re- 
mains disengaged as long as the shift clutch 
ratchet is prevented from rotating. This is 
true because an interlock arm is operated by a 
cam on the right end of the filter shaft. The in- 
terlock engages the teeth of the shift clutch rat- 
chet and prevents rotation of the ratchet. When 
the cycle mechanism is at rest, as shown in 
figure 9-38A, a roller cn the interlock rests 
near the low point of the interlock cam, allow- 
ing free operation of the Phift mechanism. As 
soon as a cycle operation begins, the filter 
shaft rotates, causing the interlock cam to move 
the interlock into the teeth of the shift clutch 
ratchet as in figure 9-38B, This interrupts the 
shift operation until the cycle operation is com- 
pleted. 

If an operator should operate the shift im- 
mediately after striking a character, the shift 
cam could begin to rotate before the filter shaft 
had sufficient time to actuate the shift interlock. 
This could cause an erroneous character to print, 
because the shift arm had already begun to move. 
This 1.7 known as beating the shift. This occurs 
mostly in shifting from uppercase to lowercase. 
Shifting from lowercase to uppercase is no 
problem because the shift arm does not rest 
against the cam in lowercase- The cam must 
rotate somewhat before it begins to move the 
shift arm, thereby allowing the filter shaft 
sufficient time to actuate the shift interlock. 

To overcome the problem of beating the 
shift coming out of uppercase, a redsigned shaft 
cam has been incorporated in the Selectric. 
This redesigned cam has a longer uppercase 
dwell than the former style cam* The longer 
dwell allows the filter shaft sufficient time to 
operate the shift interlock before the shift arm 
begins to move, thus overcoming the problem. 
The new style shaft cam requires a 
different shift clutch ratchet, because the 
cam now rotates 220** going from upper- 
case to lowercase and 140*^ going from 
lowercase to uppercase. With this longer cam 
rotation when shifting from uppercase to lower- 
case, the detent notch in the cam (that operates 
the character interrupter) has been elongated by 
40S This elon^ution of the notch allows a char- 
acter to come out of storage a short period of 
time before the shift operation has completed. 
This can be done without any ill effects, because 
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under dynamic conditions there is a timt^ delay 
between cycle clutch release and cycle shaft 
operation. Without early storage release (going 
to lowercase) the operator's typing rhythm could 
be affected. 

CYCLE CLUTCH OPERATION 

The cycle operation occurs each time a 
character prints. Everything concerned with 
printing a character on the paper is powered 
by the cycle shaft either directly or indirectly. 
The cycle shaft extends from the center of the 
machine out through the left sideframe. The left 
end of the shaft is supported by a self-aligning 
porous bronze bearing. The right end fits into 
the cycle clutch pulley hub in the center of the 
machine. A bronze sleeve inside the hub acts as 
a bearing for the cycle shaft. 

Look at figure 9-39. The cycle clutch pulley 
is in continuous rotation whenever the motor is 
running, but the cycle shaft operates only during 
a print operation. A spring clutch, called the 
cycle clutch spring, is the driving connection 
between the hub on the cycle clutch pulley and 
a hub on the cycle shaft. The cycle clutch spring 
engages and disengages the hub of the cycle 
clutch pulley. The cycle clutch spring operates 
exactly the same as the spring clutoh in the 
shift mechanir^m. The left end of the cycle 
clutch spring fits around the hub on the cycle 
shaft aiid is clamped to this hub by the cycle 
clutch collar. The tip of the spring is turned 
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Figure 9-39. — Cycle clutch— exploded view. 
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up so as to fit into a slot in the collar. This 
arrangement prevents any slippage at the left 
end of the spring clutch and makes it possible 
to adjust the position of the spring in relation 
to the shaft. (The collar does exactly the same 
job as the spring clutch retaining plate on the 
shift cam.) The right end of the cycle clutch 
spring encircles a hub on the cycle clutch 
pulley. (The hub on the cj^cle clutch pulley 
functions the same as the shift clutch arbor 
on the shift mechanism.) 

The inside diameter of the cycle clutch 
spring is slightly less than the diameter of the 
hub on the cycle clutch pulley so that the spring 
clutch tightens when the hub rotates. The right- 
hand tip of the spring clutch projects into a 
notch in the cycle clutch sleeve. The sleeve 
fits loosely around, inclosing the spring clutch 
and acts as a control for the right end of the 
cycle clutch spring, (The sleeve performs the 
same function as the shift clutch ratchet.) The 
cycle clutch sleeve has two steps on its exterior 
surface 180° apart. As the cycle clutch is driving 
the cycle shaft one of the steps on the clutch 
sleeve contacts a vertical latch that is placed 
in the path of the sleeve, a? shown in figure 9-40. 
This latch, called the cycle clutch latch, stops 
the rotation of the clutch sleeve, thereby stopping 
the right end of the cycle clutch spring, (The 
sleeve and latch operate the same as the shift 
clutch ratchet and shift release arm.) The left 
end of the cycle, clutch spring rotates farther 
after the right end is stopped because of the 
momentum built up in the cycle shaft, filter 
shaft, and print shaft. This additional rotation 
given to the left end of the cycle clutch spring 
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Figure 9-40.— Cycle clutch — side view. 
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Figure 9-41. —Cycle clutch stop. 



is in the unwinding direction and causes the 
spring to expand about the hub on the cycle 
clutch pulley. This unwinding breaks the driv- 
ing connection between the hub and the spring. 
Next, refer to figure .9-41, Since the shaft 
tends to travel beyond its rest position due to 
momentum, an overthrow stop is required. Two 
lugs on the . side of the nylon cycle clutch re- 
storing cam project into notches in the left 
side of the cycle clutch sleeve and operate as 
an overthrow stop. When the sleeve is stopped 
by its latch, the cycle shaft continues to rotate 
under momentum (expanding the cycle clutch 
spring) until the nylon stop contacts the lugs 
on the sleeve, stopping the overthrow of the 
shaft. The shock of stopping the ovex'throw 
of the cycle shaft tends to bounce the cycle 
shaft backwards. To prevent this from occur- 
ing a check pawl drops into a notch in a check 
ratchet, located on the left end of the cycle 
shaft shown in figure 9-42. The pawl drops 
in when the clutch is disengaged. (It performs 
the same function as the shift detent roller,) 

Both the overthrow stop and the cycle shaft 
return exactly to their rest position at the 
completion of each cycle operation. (The cycle 
shaft is in its rest position when the positive 
selector cams are on their low dwells and the 
working face of a notch . on the check ratchet 
is against the working face of the check pawl.) 
The shock of stopping the overthrow of the cycle 
shaft, filter shaft, and print shaft is transmitted 
from the cycle shaft through the collar, the 
overthrow stop, the sleeve, and to the cycle 
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Figure 9-42. --Cycle clutch check pawl. 



clutch latch. This is why the cycle clutch latch 
has vulcanized rubber mounting designed to absorb 
shock. 

Shock, also occurs in the shift mechanism. The 
shock of stopping the momentum of the shift cam 
is transmitted from the shift cam through the 
overthrow stop the lug on the ratchet, and to 
the shift release azmi. The release arm is 
shaped like a horseshoe so that it can absorb 
this shock. The cycle clutch is allowed to engage 
by pivoting the cycle clutch latch forward out of 
the path of the step on the clutch sleeve. The 
clutch spring then quickly decreases in diameter 
because of its own spring tension. The rotating 
clutch pulley hub tightens the spring and drives 
the cycle shaft. The entire clutch assembljt 
rotates through 180°. The second step of the 
clutch sleeve then contacts the cycle clutch 
latch which has been moved to the rear into 
its path. This causes the cycle clutch to be 
disengaged again as previously described. 

ALIGNMENT 

Alignment is the process of positioning the 
type head both horizontally and vertically to 
an exact printing point. This cannot be done 
by simply rotating and tilting the type head be- 
cause of tolerances, inertia, momentum, elasticity 
of the system, changing spring loads, and many 
other factors. All these factors cause the align- 
ment of the type head to vary in a haphazard 
way. Any variation in alignment of the type head 
diractly affects the print quality of the machine. 
Alignment variation is undesirable and must be 
eliminated. The same method is used to eliminate 
alignment variations in both the tilt and rotate 



mechanism. Since the tilt mechanism operates 
basically the same as the rotate mechanism 
and is simpler in structure, mo$t of the align- 
ment concepts will be discussed in the tilt 
mechanism* You must have a good understanding 
of these concepts in order to properly diagnose 
and alignment problem. 

TILT ALIGNMENT. - To insure that any char- 
acter in one of the four bands of characters 
on the type head is properly aligned vertically 
when the type head prints, the tilt ring must l:)e 
tilted to an exact position and locked. As pre- 
viously mentioned, the tilt ring cannot be ac- 
curately positioned by its mechanism alone be- 
cause of uncontrollable factors. To overcome 
this condition, the tilt mechanism can refine 
and lock the tilt ring in the exact position 
desired, after the tilt mechanism coarsely po- 
sitions the tilt ring. This is done by placing 
a specific amount of play in the tilt ring and 
using a detenting mechanism to refine and lock 
the tilt ring into position. This built-in play is 
located in the tilt pulley link on the gearless 
tilt and is commonly referred to as "tilt ring 
play." 

If the tilt mechanism tends to supply too 
much or too little motion to the tilt ring for 
a given tilt selection, the detenting mechanism 
corrects this error by utilizing the tilt ring 
play. The left side of the tilt ring contains four 
V-shaped notches, illustrated in figure 9-43, 
that correspond to the four tilt positions. A 
small arm called the tilt detent, mounts in a 
slot on the left side of the yoke and operates in 
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Figure 9-43. — Tilt ring detenting. 
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the notches on the tilt xnng. When the tilt ring 
is moved to approximately the cox'rect tilt po- 
sition, the tilt detent is allowed to enter one of 
the notches in the tilt ring. A heavy extension 
spring causes the detent to seat in the V- 
shaped notcn, thus camming the tilt ring into, 
and locking it on, an exact-print position. It 
is the built-in **tilt ring play*' that enables 
the tilt detent to cam the tilt ring into the pro- 
per tilt position. 

Since the tilt detent puts the tilt ring in 
the exact position, the tilt mechanism only has 
to coarse align the tilt ring (to each tilt jOO- 
sition when selected) so that the tilt detent 
can enter and bottom in the correct notch with- 
out using all the tilt ring play. This means 
that the largest coarse alignment variation be- 
tween any two of the four tilt positions must 
not exceed the tilt ring play, or a de tenting 
failure will result. 

To insure that detenting failure will not 
occur after a certain amount of wear comes into 
the tilt mechanism, the amount of coarse align- 
ment variation must be within a specific toler- 
ance. The tilt mechanism should be set so that 
the ''bandwidth** of the tilt mechanism is within 
this tolerance. Bandwidth in the tilt mechanism 
is defined as the maximum difference between 
the relative position of the tilt detent in any two 
notches for all coarse tilt positions (fig. 9-44). 
Of all the factors that affect the tilt ring position, 
only one, the accuracy of adjustments, can be 
controlled by the office machine repairman. The 
more accurate the adjustments, the less variation 
there is in the tilt ring position for the different 
characters and the narrower the bandwidth. It 
is not necessary to achieve a bandwidth any 
smaller than the given set up tolerance. 

The procedure for observing ,..oarse align- 
ment in each tilt position is not complicated. With 
the power on half-cycle the machine. Place the 
Hooverometer (selectric type alignment gage) 
handle in position, as shown in figure 9-45» This 
handle will block the cycle clutch sleeve, now 
strike the keylever. After the machine has half 
cycled turn the machine off and make sure the 
cycle shaft is resting in ahalf-cycledposition.To 
check, observe thepositionof the check pawl in the 
cycle shaft check ratchet. The check pawl should 
be detented in the half-cycle notch on the check 
ratchet, as shown in figure 9-46. Half-cycling 
is done under power so as to include all the 
stresses on the system. 

Manually withdraw the detent and remove 
the tilt ring play in the negative direction by 
^ nressing lightly on the rear of the tilt ring. 

ERIC ' . 
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Figure 9-44. — Bandwidth. 



Allow the detent to re-enter the tilt ring notch 
while observing the point where the detent lirst 
contacts the side of the V-shaped notch. 

Perform this check for each tilt position 
to visually measure how much coarse align- 
ment variation there is in the syst(=:in, and also 
which adjustment (or adjustments) is causing the 
variation. Each adjustment in the system affects 
coarse alignment in a different manner and shows 
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Figure 9-45, — Half-cycling ^ peration. . 
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Figure 9-46. — Half-cycle operation. 



up in a definite pattern. By observing the pattern, 
you can easily diagnose a maladjustment in the 
system. Figure 9-47 illustrates a coarse align- 
ment check of the four tilt positions. Note that 
there is a progressive loss of motion to the 
tilt ring from a tilt 0 to a tilt 3, This indicates 
that the tilt arm is receiving equal increments 
of motion from the tilt differential system but 
is not multiplying the motion properly. The 
part you adjust for this discrepancy is shown 
in figure 9-48. Moving the tilt link down in 
the elongated slot on the tilt arm will produce 
more motion by the tilt differential system. 

Alignment can be separated into two stages: 
coarse alij^nment and fine alignment. Coarse 
alignment is the introduction of the detent into 
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Figure 9-47.. — Course alignment check. 



the wide portion of the detent notch. Fine align- 
ment occurs after the detent moves up into 
the seats in the notch. Once the tilt detent 
has fully seated in the tilt ring notch, any 
.vertical misalignment problems cannot be at- 
tributed to coarse alignment adjustments. The 
problem lies in the carrier and rocker area 
and usually is caused by one of the following: 
too much upper ball socket play, side play in 
the tilt detent, vertical play in the rear carrier 
shoe, tilt ring side play, loose type head latch, 
improper detent timing, or worn rocker shaft 
bearings. Any of these conditions can cause poor 
vertical alignment, 

ROTATE ALIGNMENT. —Since the rotate me- 
chanism must position the type head to eleven 




Figure 9-48. — Tilt differential. 
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positions, it is a great deal more complex than 
the tilt mechanism. The alignment concepts 
brought out under the tilt mechanism also ap- 
ply to the rotate mechanism, however, re- 
gardless of its complexity. Like the tilt ring, 
the type head is also coarse aligned to ap- 
proximately the correct position (which is within 
the allowable bandwidth), and then a detent 
locks it into the exact position. Built-in play 
of the type head allows the rotate detent to 
refine the selected type head position after tlie 
head has been coarse aligned. This play comes 
from backlash between the slots in the ball 
joint and the pins in the upper and lower ball 
sockets. The rotate detent mounts on the tilt 
ring and operates in V-shaped notches cut into 
the skirt of the type head. It is spring-loaded 
at the rear into engagement with the type head. 
As in the tilt mechanism, once the rotate detent 
has fully seated in the type head notch, any 
horizontal misalignment problems cannot be at- 
tributed to coarse alignment adjustments. The 
problem lies in the carrier and rocker area 
and usually is caused by one of the following: 
side play in the rotate detent, improper detent 
timing, excessive side play of the rocker, binding 
in the rear carrier shoe, or anything that re- 
stricts the carrier from escaping properly. 

DETENTING. — The type head cannot be tilted 
or rotated with the detents engaged. They must 
be held out of engagement until the type head 
has been completely positioned. They must also 
be removed from engagement before the type head 
can be restored to the rest position. The rotate 
detent operates under spring tension 
against the tilt detent. Refer to figure 9-49. As 
long as the tilt detent is not allowed to rise, 
the rotate detent cannot enter the notches of the 
type head. The tilt detent is controlled by a 
•'smaller lever called the detent actuating lever, 
located under the left side of the yoke. The lever 
pivots at the rear and extends forward along the 
right side of a lower extension of the tilt detent. 
AVhen the detent actuating lever is operated to 
the left, the tilt detent moves down, pushing the 
rotate detent down with it. When the actuating 
lever moves to the right, both detents are allowed 
to rise. Movement of the detent actuating lever is 
controlled by the detent cam through the detent 
cam follower, 

• The cam follower is pivoted on a bracket 
below and to the rear of the print sleeve and 
extends up alongside the detent cam in posi- 
tion to operate the detent actuating lever. The 
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Figure 9-49. ^Detent mechanism. 



camming surface of the detent cam is on the left 
side so that operation of the cam follower is to- 
ward the left against the detent actuating lever. 
The rotate detent does riot pivot into engagement 
as the tilt detent does. It contains an elongated 
hole at the front, as illustrated in figure 9-50 
v/hich allows both the front and the rear of the 
detent to move up and down. A small flat link 
at the top stabilizes the detent. If the rotate 
detent were pivoted at the front, the amount of 
travel and timing of the detent would vary with 
the tilt selection. With the sliding arrangement, 
the rotate detent action is approximately the 
same for all tilt selections. 

While the type head is being positioned, the 
cam follower is against the high part of the 
detent cam. This holds the detent actuating lever 
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Figure 9-50.-~Rotate detent. 
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to the left to prevent the detents from engaging 
their notches. During the positioning, of the type 
head, the detent cam is rotating, but it maintains 
the same high point for the cam follower, As 
soon as the rotate and. tilt operations have been 
completed, the cam follower moves to the right 
into a recess in the detent cam. This allows the 
detent actuating lever to move to the right to per- 
mit operation of the tilt and rotate detents. As the 
tyi)e head is being moved toward the platen, the 
detent cam continues to turn, but it maintains the 
same low point for the follower. 

As soon as the character has printed, locking 
the type head in position is no longer necessary; 
therefores, the detents can be disengaged to allow 
the type head to restore to the rest position. As 
the rocker is restoring to the rest position, the 
detent cam moves the cam follower back to the 
left onto the high part of the cam. This action 
causes the detent actuating lever to disengage 
the detents from their notches. Timing of the 
detenting is such that both detents begin to en- 
gage their notches just as the type head com- 
pletes its positioning and are disengaged just as 
the type head starts to rotate and/or tilt back to 
the rest position. 

DETENT TIMING. — The timing of the print 
shaft with respect to the cycle shaft controls the 
timing of the detent. Detent timing must be set 
accurately in order to prevent damage from 
occurring in the tape system or the type head. 
If the rotate detent is allowed to engage the 
type head too soon, it may enter the wrong 
detent notch. If this occurred during a negative 
rotation of the type head, the rotate tape would 
tend to slacken and jump off its pulleys. This 
could lead to tape breakage. 

If the detent is allowed to engage the type head 
too soon during a positive rotation, tape or type 
head breakage may result due to the continued 
pull on the tape. Also, retarding the detent timing 
may lead to breakage, because the detent remains 
in the type head notch when the head is trying to 
restore. Detent timing can also affect print align- 
ment. It is possible for the detents to begin to 
withdraw before the type head prints. For this 
reason, the detent timing should be adjusted as 
late as possible without restricting the type head 
from restoring. Several factors affect detent 
timing. Some of the most important are: the ad- 
justments of the rotate and tilt systems, type 
head homing, detent actuating lever and cam ad- 
justments, and timing of the print shaft relative 
to the cycle shaft. If any of these are changed, the 
machine must always be cycled by hand to check 



the detenting action before it is opeiated under 
power. It should be noted that the detents are 
spring-loaded into engagement, but they are driven 
out of engagement by the cam. This is to prevent 
parts breakage should the type head not l)e 
properly positioned when the detents try to engage. 

WEAR POTENTIAL. —Wear potential in the 
tilt and rotate mechanism is defined as the ability 
of the tilt and rotate mechanisms to properly 
coarse align the type head after a measurable 
amount of wear is felt in either mechanism. 
Although wear potential is designed into both 
mechanisms, it will only be discussed in the 
rotate mechanism. A portion of the type head 
play provides the rotate system with a sub- 
stantial amount of wear potential. In order to 
explain how this is done, we must first discuss 
the relationship between type head play, type 
head homing, and bandwidth. 

' Figure 9-51 illustrates the type head play 
by showing a single detent notch (of the type 
head) in the two positions as allowed by the 
built-in play. The type head play, which is 
approximately .060'' measured at the type head 
skirt, can be separated into three sections or seg- 
ments, each having its own function. 

The first segment of head play is for detent 
timing purposes by the type head homing adjust- 
ment. Look at figure 9-52. The typing element 
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Figure 9-51. — Typehead play. 
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is^ "homed** to the rotate selection that coarse 
aligns the most positive (with respect to the 
rotated detent) when the head play is removed 
in the negative direction. It is "homed" so that 
this rotate selection aligns .0101^ to .020" on the 
negative side of the detent notch when the head 
play is removed in the negative direction. The 
purpose of this adjustment is to slightly retard 
the restoring of the type head whenever it re- 
stores in the positive direction so that the rotate 
detent can begin to withdraw before the type head 
starts to restore. If the withdrawal of the detent 
did not lead the restoring of the type head, the 
detent would restrict the head from restoring, 
causing breakage in the system. This homing 
adjustment uses up approximately one -fourth of 
the type head play. 

The second segment of head play is band- 
width. With head play removed in the negative 
direction, figure 9-53 illustrates bandwidth by 
showing the amount of variation (in coarse align- 
ment) between the rotate selection that aligns the 
least negative and the rotate selection that 
aligns the most negative with respect to the 
rotate detent. Figure 9-54 illustrates bandwidth 
in relation to head play. The allowable bandwidth 
of the rotate system may utilize as much as one- 
half of the type head play. Note that almost 
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Figure 9-55.— Wear potential. 

three-fourths of the head play is for type head 
homing and bandwidth. 

The remaining head play is used for wear 
' pottnfial. Look at figme 9-55. When wear occurs 
in the system, the type head drifts in the negative 
direction with respect to the detent. This also 
causes the head play and bandwidth to drift in 
the negative direction with respect to the detent. 
As long as this drift does not exceed the wear 
potential portion of the head play, the detent con- 
tinues to fine -align the type head. Once it has 
exceeded the wear potential, the rotate sralection 
that coarse — aligns the most negative with re- 
spect to the detent fails to seat in the detent 
notch. The detent then fails to seat, causing that 
character to print out of alignment. 

PRINT SHAFT AND PRINT SLEEVE. — The 
print shaft extends between the sideframes justto 
the rear of the keylever fulcrum rod. It is sup- 
ported at each • end by a self-aligning porous 
bronze bearing. A small gear outside the left 
sideframe conjiects the shaft, through idler gears, 
to the cycle shaft gear. The ratio between the two 
gears is 2:1. This means that each time the 
cycle shaft completes a cycle operation (180° 
rotation), the print shaft is rotated 360° (one 
^-:)mplete revolution). The print sleeve of the 
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Figure 9-56. — Print sleeve and cams. 



carrier assembly rides on the print shaft. A 
keyway throughout the length of the print shaft 
provides a rotary connection between the sleeve 
and the shaft, yet permits a lateral movement 
of the carrier. 

A key fits through a hole in the print sleeve 
and into the keyway of the print shaft, as il- 
lustrated in figure 9-56. Whenever the print 
shaft is rotated, the print sleeve is rrtated by 
the key connection. The print sleeve contains 
four cams. The two middle cams are the ribbon 
feed cam and the detent cam for the type head 
alignment. Both of these cams are keyed to the 
print sleeve by the same key that extends into 
the print shaft. Each cam is secured to the 
sleeve by setscrews. The czm at the left is 
the ribbon lift cam. It is setscrewed to the print 
sleeve, causing the cam to rotate with the sleeve. 
The setscrew mounting also prevents the print 
sleeve from shifting toward the left. 

The cam at the right is a double cam called 
the print cam. lis function is to power the type 
head toward the platen and restore it to rest. 
Two camming surfaces are necessary for this 
operation. The smaller suriace to the right, 
called the print cam, moves the type head to 
the platen. The larger cam surface, called tho 
restoring cam, restores the type head and pre- 
vents it from rebounding. The print cam is also 
keyed to the print sleeve to rotate with the 
sleeve. The print cam is held in position by two 
setscrews to prevent the print sleeve, from mov- 
ing to the right and to provide a solid driving 
connection between the sleeve and the cam. 

PLATEN. —The purpose of the platen is to 
feed the paper vertically and to provide a solid 
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backing for the paper during a typing operation. 
The quality of type impression obtained is deter- 
mined to a large extent by the condition of the 
platen. Platen rubber may be adversely affected 
liy numerous factors, such as light, heat, chemi- 
cals, etc. An old or worn platen may be con- 
siderably harder than a new platen and may also 
vary slightly in diameter. The IBM Selectric 
Typewriter is equipped with a platen with a 
hardness density comparable to the number 2 
platen used with the standard IBM electric type- 
writer. The platen is held in position on the 
machii by a latch pivoted at the front on each 
carriage plate. Now let's look at figure 9-57, 
The platen may be removed by pressing the rear 
of the latches down and lifting the platen out. 
It may be installed by snapping it into position 
without depressing the latches. The camming 
action of the latches causes them to remove all 
vertical as well as horizontal play from the platen. 



COPY CONTROL,— Still referring to figure 
9-57, we see that the purpose of the copy control 
mechanism is to position the platen forward or 
backward for different thickness of typing ma- 
terial. Positioning the platen maintains the cor- 
rect relationship between the anvil and the point 
of impact of the type head with the paper. The 
copy control is operated by the copy control 
lever, located at the left end of the carriage. 
The lever is attached to the copy control shaft 
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Figure 9-57, — Copy control mechanism. 



that extends out through the sides of the power- 
frame. An eccentric collar at each end of the 
shaft operates between adjusting parts attached 
to the carriage ends. When the lever is moved 
to the rear the shaft rotates, causing the ec- 
centric collars to contact the platen eccentric 
retaining plates. This action forces the car- 
riage ends to the rear. The platen and entire 
paper feed mechanism move with the carriage. 
When the copy control lever is pulled forward, 
the eccentric collars contact the platen adjusting 
plates and force the carriage forward into the 
normal position. The copy control lever can be 
set in five different positions, A spring detent 
attached to the powerframe acts against a knob 
on the copy control lever to hold it in place. 

PRINT MECHANISM 

The print mechanism contains an operator 
impression control lever which permits the. 
operator to JPegulate the impression for any 
desired application. The operator may change 
the overall impi^ssion of the type head by merely 
positioning the iiapression control lever to one 
of five settings, in addition, the print mechanism 
is equipped with an automatic velocity selection 
mechanism. The purpose of this mechanism is 
to provide a lighter impression for the period, 
comma, colon, semicolon, quotation mark, apos- 
trophe, hyphen, and underscore, regardless of 
where the impression control lever may be set. 
Before going into any detail on the impression 
control mechanism, it is necessary to first 
understand how the automatic velocity selection 
mechanism operates, since the two mechanisms 
are directly related, 

AUTOMATIC VELOCITY SELECTION (DUAL 
CAM). — Caution: The following material uses 
the terms low velocity lobe and low velocity 
cam; two separate cams. 

The printing operation of all the uppercase 
and lowercase characters in positions 32, 36, 
38, 39, and 42 produces -a lighter impression 
on the typed copy than in any of the other positions. 
The purpose of this is to improve the general 
appearance of the t3rped copy by producing a 
more uniform impression between all characters, 
large and small. This is done by using a print 
cam that has two different camming surfaces. 
Look at figure 9-58, The low and high points 
of both camming surfaces are identical , The 
only difference is in the contour (profile) be- 
tween their low and high points. The contour 
of one camming surface provides the type head 
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Figure 9-58. — Print cam (dual vrelocity). 

with a lower impact velocity than tiie oT:her. 
Thus, a lighter impression is produced when 
this camming surface is used. The difference 
in type head velocities produced by the two 
camming surfaces remains proportional, re- 
gardless of the impression control lever set- 
ting. In figure 9-59 we see the selection me- 
chanism positions of the print cam follower 
roller under the proper camming surface of 
the dual velocity print cam whenever a character 
is selected at the keyboard. 

The print cam follower assembly is mounted 
on a pivot pin, located in the right side of the 
carrier below and to the rear of the print cam. 

The roller mounts on a pin on the print cam 
follower and is free to slide left or right on 
this pin. The camming surface or lobe on the 




print cam that produces the greatest impact 
velocity is called the high velocity lobe. This 
is the right-hand lobe on the print cam. The 
left-hand lobe (producing less impact velocity) 
is called the low velocity iobe. Figure 9-60 
shows that the roller is positioned (left or right) 
under either camming surface of the print cam 
by the print cam follower roller yoke, which 
straddles the roller. The yoke is mounted on 
a pin that protrudes from the tab cord anchor 
bracket assembly. The yoke is also free to slide 
left or right on its mounting pin. Look at figure 
9-61 and you will see that a lever, which controls 
the lateral position of the yoke and roller, 
mounts on the tab cord anchor bracket by a 
shouldered rivet. This lever is called the yoke 
actuating lever. The yoke actuating lever is 
spring- loaded at the rear in a clockwise direction 
(observed from the bottom of the machine) by 
the yoke actuating lever spring. This spring 
tension positions the roller directly beneath the 
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Figure 9-59. — Print cam follower assembly. Figure 9-60. — Print cam follower roller yoke. 
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Yoke Actuating Lever 
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Figure 9-61. — Yoke actuating lever and spring. 



high velocity lobe of the print cam, as shown 
in figure 9-61. A sheathed cable called the 
velocity control cable fastens to a hook por- 
tion of the yoke actuating lever. Whenever the 
velocity control cable is pulled the yoke actuat- 
ing lever rotates counterclockwise (stretching 
its spring), shifting the print cam follower 
roller from the high velocity lobe to the low 
velocity lobe of the print cam, as shown in 
figure 9-62. 



Yoke Actuating 




Figure 9-62.— 



Refer back to figure 9-61. When the pull 
on the velocity control cable is relaxed, the yoke 
actuating lever spring shifts the roller back to 
the right, positioning it under the high velocity 
lobe of the print cam. Whenever a low velocity 
character is selected (at the keyboard), a pull 
on the velocity control cable shifts the roller 
to the low velocity lobe on the print cam. This 
pull on the cable is initiated at the keyboard. 
When any one of the selector interposers in 
positions 32, 36, 38, 39, or 42 are powered 
forward by the filter shaft, a knob on the for- 
ward end of the interposer contacts an upright 
lug on the low velocity vane, causing it to rotate 
forward. This is illustrated in figure 9-63. The 
left end of the low velocity vane pivots in a 
mounting bracket fastened to the top surface 
of the front keylever guide comb support. The 
right end of the vane pivots in a hole in the 
right-hand keyboard sideframe. (The vane ex- 
cends only halfway across the keyboard.) The 
lateral position .>of the vane is controlled by 
a C-clip located on each side of the vane mount- 
ing bracket. The low velocity vane bellcrank 
is fastened to the right end of the vane outside 
the keyboard sideframe. Rotation of the vane 
and bellcrank, during a low velocity operation, 
creates a pull on the link, causing the low 
velocity latch to rotate counterclockwise about 
its mounting stud. The rotation of the latch 
swings it out of the operating path of an adjust- 
able stop on the low velocity cam follower. 

The cam follower and the adjustable stop 
operate as one piece pivoting about a stud 
on the keyboard sideframe shown in figure 9-64. 
A heavy spring, hooked to the adjustable stop 
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Low velocity operation. Figure 9-C3. — Low velocity selection. 
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Figure 9-64. — Machine at rest. 




"Latch Swings Out Of The Way" 
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and anchored to the latch mounting stud, spring- 
loads the follower in a clockwise direction. The 
velocity control cable is hooked to the lower 
extension of the follower. The upper extension 
of the follower is spring-loaded against the 
low velocity cam, which is a double-lobed cam 
setscrewed to the right end of the filter shaft 
directly to the left of the shift interlock cam. 
The radial position of the cam is set so that the 
cam follower is on the high part of one of the 
cam lobes when the filter shaft is at rest» 
Whenever the follower is allowed to follow 
the contour of the cam toward its low point, 
a pull is produced on the velocity control cable 
by the heavy spring load on the follower. The 
cam follower begins to follow the contour of the 
cam toward its low point whenever the low 
velocity latch is rotated out of the path of the 
adjustable stop as shown in figure 9-65A. This 
occurs each time a low impression character is 
selected at the keyboard. Figure 9-65 shows the 
low velocity cam followsr riding down toward the 
low dwell of the low velocity cam, thereby 
causing a pull on the velocity control cable. 
Note that the low velocity latch is attempting 
to restore back to its rest position but cannot 
fully restore until the cam follower is powered 
back to its rest position. The latch restoring 
spring between the latch and the adjustable stop 
provides the restoring action not only for the 
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Figure 9-65. — Low velocity operation. 



latch but for the low velocity vane also. As the 
low velocity print operation is completing the 
follower restores back to the high part of one 
of the cam lokies on the low velocity cam. 
This relaxes the pull on the velocity control 
cable so that the yoke actuating lever spring, 
which is shown back in figure 9-62, shifts the 
print cam follower roller back to the right 
under the high velocity lobe of the print cam. 

If a high velocity character is selected at the 
keyboard, the low velocity latch remains at 
rest in the operating path of the stop on the 
cam follower. The cam follower is restricted 
from following the contour of the cam toward 
its low point; therefore, no pull is felt on the 
velocity control cjtble. The print cam follower 
roller remains to the right under the high 
velocity lobe of the print cam, and a high velocity 
print operation results. 

To prevent the print cam from interfering with 
the print cam follower roller as it shifts from 
one cam lobe to the other during a velocity 
selection operation, the print cam follower and 
roller is held disengaged from the. print cam until 
the roller has shifted. This is done by an ad- 
justable stop screw, located directly under the 
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real' portion of the print cam follower shown in 
figure 9-66. The stop screw disengages the roller 
from the print cam as the cam approaches its 
rest position. The shifting of the roller occurs 
at the beginning and at the end of a low velocity 
print cycle, which is just when the print cam is 
leaving or approaching its rest position. 

The velocity control cable consists of a 
thin strand of wire (with eyelets at each end) 
running through the center of a flexible plastic- 
coated sheath. The wire slides freely within the 
sheath, transmitting motion from the low velocity 
cam follower to the yoke actuating lever on the 
carrier. Both ends of the cable sheath are 
clamped rigidly to their respective mechanisms 
by cable clamps, which are shown in figures 
9-64 and 9-65. Clamping the ends of the sheath 
allows the velocity control cable to operate ef- 
ficiently as a motion transmitting device. 

The velocity control cable passes through a 
wire . guide located on the left side of the car- 
rier, as shown in figure 9-67. The guide retains 
the cable against the underside of the carrier 
so that the cable will not hang down and rub on 
the dust shields (or catch in the mechanism while 
the dust shields are removed). A cable deflector 
attached to the escapement bracket prevepts 
the velocity control cable from getting behind 
the carrier. As shown in figure 9-68, the cable 
is also clamped along the rear edge of the dust 
shields by a center cable clamp on the power- 
frame and a guide lug on the right-hand dust 
shieldt The center cable clamp maintains the 
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Figure 9-67, — Cable guide and cable deflector. 



cable in its correct lateral position so that the 
carrier is free to travel the entire length of the 
carriage without teing restricted by the cable, 

IMPRESSION CONTROL MECHANISM (STICK 
SHIFT),— The impression made by the typing 
element is determined by the velocity of the 
typing element upon impact with the paper. When 
theimpression control lever is pulled for\vard to 
a new position, the pin on the lower extension 
moves toward the rear in the forked slot of 
the follower, thereby increasing the amount of 
powered travel that the typing element receives. 
The forked slot in the follower is designed so 
that most of the change in powered travel is felt 
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Figure 9-66. — Print cam follower stop screw. Figure 9-68. — Center cable clamp. 
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as a change in the rest position of the type head 
and not as a change in the amount of free flight 
(determined by the limit of powered travel). 
Throughout the entire range of the impression 
control lever, the free flight of the type head 
should change slightly (approximately *015). This 
is necessary , in order to maintain the correct 
timing relation between type head detenting and 
type head printing as the velocity of the type head 
is increased or decreased by the impression 
control lever. In other words, by increasing or 
decreasing the amount offree flight to compensate 
for a change in type head velocity, the print time 
of the type head remains constant' in the machine' 
cycle regarcless of the impact velocity of the 
typing element. 

Note in figure 9-69 that the rocker is now 
spring-loaded back to rest by a large extension 
spring (rocker restoring spiking). The dual veloc- 
ity print cam eliminates rmg and cylinder. 

PRINT ESCAPEMENT 

A print escapement only occurs when a 
character keylever is depressed- The escape- 
ment mechanism controls the movement of the 
carrier along the writing line. The print escape- 
ment mechanism consists of . the escapement 
bracket assembly, escapement rack, escapement 
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Figure 9-69. —Impression control mechanism. 



torque bar, escapement trigger lever assembly, 
and the escapement cam and follower. 

ESCAPEMENT BRACKET ASSEMBLY. —Re- 
fer to the drawing in figure 9-70. The escape- 
ment bracket assembly is a plate attached to the 
rear of the carrier so that it moves with the car- 
rier. The escapement rack is mounted solidly 
to the powerframe just loehind the carrier and 
beneath the escapement bracket. A stud at the 
left rear cox^ner of the escapement bracket 
mounts the escapement pawl to the bottom of 
the bracket so that it pivots front to rear. Having 
the escapement rack stationary and the escape- 
ment pawl movable is directly opposite to the 
arrangement on conventional typewriters . A small 
spring from the pawl to the bracket exerts a 
force to the right and forward on the escapement 
pawl. 

Other components are present on the escape- 
ment bracket that are only indirectly related to 
the escapement mechanism. Pivoting on the 
same stud with the escapement pawl are the 
backspace pawl, the tab le^'er, and the tab lever 




Stop Lug 



bockspace Powl 



Escopement PowJ 




91.492 

Figure 9-70. — Print escapement mechanism. 
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trigger. The tab lever latch mounts on the right 
side of the escapement bracket. 

The escapement pawl contains an elongated 
hole at its mounting point that allows .022 
lateral movement in the pawl. While the pawl is 
engaged in the rack, the force of the mainspring 
holds the carrier to the right so that the pivot 
stud rests against the end of the elongated hole, 
as illustrated in figure 9-71A. The escapement 
operates when the escapement pawl is forced to 
the rear out of engagement with the rack teeth 
as in figure 9-71B, Because it is relatively light 
in weight, the pawl is snapped to the right by the 
pawl spring as soon as the pawl clears the rack 
tooth. The escapement pawl is allowed to move 
back to the front into engagement with the next 
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Figure 9.-71. — Escapement pawl operation. 



tooth, as in figure 9~71C. The carrier then moves 
to the right until it comes to rest against the 
escapement pawl as in figui*e 9-71D. 

The amount the carrier is allowed to move 
is determined by the distance from one escape- 
nrient rack tooth to the next. This is known as 
the pitch of the machine and is expressed in 
terms of teeth or spaces per inch. Two pitches 
are available on the Series 72. They^are 10 
and 12 pitch. The type style to be used is deter- 
mined largely by the pitch of the machine, be- 
cause the larger type styles require more space 
for each character. The pitch and type style 
together are determined by the operator pref- 
erence and by what the machine is to be used 
for. 

The carrier and escapement pawl must be 
moved to the left for a backspace operation. 
Because the backspace pawl is mounted to the 
escapement bracket, movement of the back- 
space pawl to the left forces the carrier and 
escapement pawl to the left. The backspace 
pawl is just above the escapement pawl, but its 
tooth extends below the escapement pawl. It is 
held in mesh with the backspace rack by a small 
extension spring similar to that of the escape- 
ment pawl. The backspace rack is mounted to the 
rear of the powerframe by shouldered screws 
through elongated holes in the rack. This mount- 
ing arrangement allows lateral movement of the 
rack. Movement of the rack toward the left 
forces the backspace pawl to the left to cause 
a backspace operation. (The backspace operation 
is pointed out here because of its close as- 
sociation with the escapement mechanism. It is 
discussed more fully in the backspace section.) 

Figure 9-71, A, illustrates a slight clearance 
between the working surfaces cf the backspace 
pawl and a tooth on the backspace rack when 
the escapement pawl is holding the carrier. 
This clearance is necessary for proper operation 
of the backspace mechanism. The clearance in- 
sures that the backspace pawl will properly re- 
enter the backspace rack at the completion of 
each backspace operation during the repeat oper- 
ation. (This is when the escapement pawl is 
holding the carrier and the backspace rack is 
restoring back to its rest position.) 

The backspace pawl is' in mesh with its rack 
when in the rest position. This means that the 
backspace and escapement pawls must be re- 
moved from their racks for the carrier to move 
to the rif,ht during forward spacing. The back- 
space pawl requires »022'' of elongated motion 
in its mounting hole so that it can operate in 
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miison with the escapement pawl during an escape- 
ment operation. Without the elongated motion, 
the backspace pawl could restore back into the 
same rack tooth before the carrier began to 
move during an escapement operation. This could 
cause partial or half spacing, as the two pawls 
would alternate holding the carrier during an 
escapement operation. The backspace and escape- 
ment pawls are pinned together so that they always 
move together laterally but front to rear in- 
dependently. The reason for this is covered in 
the backspace section, 

TORQUE BAR, —Refer again to figure 9-70. 
The torque bar is a flat bar that pivots between 
the sides of the powerframe just to the rear of the 
backspace and escapement racks. Its purpose is 
to trip the backspace and escapement pawls out 
of their respective rackr^. The left end pivots in 
a hole in the powerframe casting, A small C- 
clip holds the right end in a large mounting plate 
on the powerframe. The rest position of the tor- 
que bar is cor trolled by an adjustable stop which 
mounts on the right-hand tab rack mounting plate 
and contacts a lug on the right-hand end of the 
torque bar. 

The pivot point of the torque bar is near 
the bottom of the bar. When the torque bar 
pivots, the top of the bar niovjs to the rear. 
The escapement pawl and backspace pawl each 
have a lug that extends down just behind the 
torque bar. As the top of the torque bar pivots 
to the rear, it forces the lugs of the pawls to 
the rear, causing the tips of the pawls to be 
tripped out of their racks. Rotation of the es- 
capement torque bar is instantaneous and just 
sufficient to trip the pawls out of their racks. 
The torque bar is immediately rotated back to 
the rest position by an extension spring, located 
at the right end. This allows the pawis tore- 
enter their racks to limit the carrier movement 
to one space. 

Because of the force required to trip the 
pawls out of their racks, the torque bar tends 
to bow toward the front instead of pushing the 
pawls to. the rear. The tendency increases as 
the carrier moves toward the middle of the 
torque bar. Bowing of the torque bar could keep 
the escapement from tripping. To overcome this, 
the pawl pivot stud has a large head that extends 
down in front of the torque bar to stop any bow- 
ing toward the front. The torque bar actually 
pries against the pawl stud to trip the pawls 
from the rank. The pawl stud that has an eccentric 
head so that the escapement trip in the center 
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of the torque bar can be adjusted to be the same 
as at the ends , 

On long carrier machines, additional support 
is given to the escapement torque bar, as shown 
in figure 9-72 to prevent it from bowing to the 
rear, A backstop mounted to a stud in the machine 
powerframe provides the necessary backing, 

ESCAPEMENT TRIGGER. — The escapement 
trigger rotates the torque bar in order to start an 
escapement operation. The right end of the tor- 
que bar contains a lug chat e:d;ends to the rear. 
The escapement trigger hooks over the lug and 
pulls downward to cause the torque bar to :;otate. 
Consult figure 9-73 and you will see that the 
trigger pivots on the escapement trigger lever 
and is held forward over the torque bar lug by 
an extension spring between the bottom of the 
trigger and a rear extension of the trigger 
lever. 

The trigger lever pivots on a shaft on the 
operational bracket mounted to the rear of the 
powerframe just below th.e right end of the 
torque bar. Downward movement of the trigger 
lever carries the trigger down to rotate the tor- 
que bar. The trigger lever is restored and held in 
the rest position by an extension spring from the 
rear of the lever up to a rear extension of the 
operational latch bracket. The trigger lever is 
cam operated; therefore, it can only restore as 
fast as the cam can rotate from the high point 
to the low point. The torque bar must be allowed 
to restore more quickly so that the escapement 
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Figure 9-72, — Torque bar backspace, 
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Figure 9-73. — Escapement trigger operation 
(old style). 



pawl can re-enter the correct rack tooth. Delay- 
ing the torque bar restoration can result in 
escapement skipping, especially on 12-pitch ma- 
chines. 

To insure that the torque bar can restore 
quickly enough, the trigger is disengaged from 
the torque bar lug just after the escapement 
trip occurs. The operational latch bracket is 
formed to the rear at the right side. Attached 
to the inside of this rearward portion is a small 



plate called the trigger guide, shown in figure 
9-73A. The trigger guide has a stud extending 
to the left front of the escapement trigger. A 
beveled portion of the trigger contacts this stud 
as the trigger moves down, causing the trigger 
to be cammed to the rear off the lug on the tor- 
que bar, as shown in figure 9-73B. The torque 
bar can then restore without waiting for the 
restoration of the trigger lever. The new style 
escapement trigger operation is basically the 
same as the old style except that the trigger 
knockoff action comes from a screw with an 
eccentric head that mounts on and moves with 
the escapement trigger lever shown in figure 
9-74, 

ESCAPEMENT CAM, — Now, refer again to 
figure 9-70, Because an escapement operation is 
necessary each time acharacter prints, the power 
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Figure 9-74, — Escai)ement trigger operation 
(new style). 
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to trip the escapemont is taken from a portion of 
the cycle mechanism. A small double-lobed cam, 
called the escapement cam, is attached to the 
right end of the filter shaft just inside the power- 
frame. Each time a cycle opsration occurs, the 
filter shaft operates the cam 180''. The escape- 
ment cam follower pivots on a long pin located 
in a bracket just to tho rear of the filter shaft. 
A roller at the bottom of the follower is moved to 
the rear by a lobe of the cam. each time a cycle 
operation occurs. This causes the link at the top 
of the cam follower to pull forward on the bottom 
of the escapement trigger lever. The link is con- 
nected to the trigger lever below Its pivot point; 
therefore, a forward pull causes the trigger to 
move down at the rear and operate the torque 
bar. 

Because the carrier is relatively light and 
moves quickly, the escapement trip must not 
occur before the character prints. If it did, the 
carrier might move before the character printer 
might move while the character is printing. This 
would result in an uneven left margin or poor 
horizontal alignment and possible smearing of 
the character, depending upon the timing of the 
trip. To eliminate this possibility, the escape- 
ment cam is timed so that the escapemont trip, 
occurs just after the type head leaves the platen 
to restore to rest. On the Model 721 only, a 
small eccentric collar on the pivot pin prevents 
the pin from bowing forward due to the pull of 
the escapement trip link. The collar braces 
the pivot pin by resting against the bracket in 
which the pivot pin is mounted. Without the 
collar, some the trip link motion would be lost 
in the flexing of the pivot pin. Escapement fail- 
ure would result if not enough trip link travel 
remained to remove the pawls from the rack. 

MAINSPRING 

Anytime the escapement and backspace pawls 
are removed from their racks, the carrier 
is pulled toward the right. The mainspring sup- 
plies the tension for all movement- of the carrier 
toward the right. It is located ac the right rear 
corner of the machine. Notched lugs of the main- 
spring cage fit into slots in the backplate shown 
in figure 9-75. The cage is turned counterclock- 
wise (as seen from the rear) so that it locks 
into position. 

To change the tension of the mainspring, 
you turn the entire mainspring cage to a new 
location. When working with the mainspring, 
be extremely careful to keep it under control: 



The center of the backplate contains a ball 
bearing assembly that supports the rear end of 
the escapement shaft. The shaft extends to the 
rear into the mainspring, where a' hub is set 
screwed to the. shaft. The inner end of the main- 
spring is rolled so that it fits into a groove in 
the hub and supplies rotary force to the hub and 
escapement shaft. The escapement shaft extends 
forward through another ball bearing assembly 
in the powerframe and has a drum attached at 
the forward end. This is called the cord drum 
gear and is spirally grooved to accept the escape- 
mont/tab cord. The grooves prevent the cord 
from piling up on the drum, insiu:ing uniform 
tension and minimum wear. The escapement/ 
tab cord is a small, round, nylon-covered linen 
cord. The drum end of the cord is knotted and 
fits into a slot at the rear of the drum. The cord 
makes several turns around the drum and rides 
up over a guide roller before passing through the 
right side of the machine. Just outside the machine 
the cord passes around a pulley and extends 
back to the left where it is attached to a hook on 
the carrier assembly. As the mainspring turns 
the escapement shaft, the drum winds up the 
cord to move the carrier to the right. 

More than one operation is performed by the 
escapement shaft. The rear teeth at the front 
of the cord drum ar^ involved in both the carrier 
return and tabulator operation. Between the 
powerframe and the backplate is another cord 
drum with a cord attached to it similar to the 
escapement/tab cord. This- cord is attached to 
the left side of the carrier and exerts a pull to 
the left during carrier return. These operations 
are fully covered in their particular sections. 
However, the carrier return cord drum is signi- 
ficant in the escapement mechanism, because it 
must pay out cord in order for the carrier to 
move to the right. Likewise, the escapement/ 
tab cord must be payed out from its drum in 
order for the carrier to return to the left. The 
constant jerk and pull to which the cords are 
subjected may tend to stretch them slightly. 
This could cause the cordP to become slack, 
causing erratic movement to the carrier. A 
method has been provided whereby the slack is 
automatically removed from both cords. 

Outside the powerframe, the pulley that guides 
the escapement cord is mounted to the cord 
tension arm pivoted at the front. A pair of 
spiral springs arched between the arm and a 
pin on the powerframe apply a constant pressure 
toward the right. The pressure is sufficient to 
keep the slack out of the escapement cord. This, 
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Figure 9-75. — Mainspring and cord system. 



in turn, rotates the escapement shaft enough to 
keep the carrier return cord tight. 

OPERATIONAL CAMS AND 
CONTROL MECHANISM 

All powered functional operations are driven 
by the operational camshaft, located on the right 
side midway back in the machine. The powered 
operations are the spacebar, backspace, carrier 
return, indexing, and shift. The tabulator is 
manually operated and is the only nonpowered 
functional operation. The spacebar, backspace, 
carri':3r return, and indexing mechanisms are 
operated by two cam assemblies, mounted on the 
operational camshaft. The shift is driven by a 
spring clutch at the right end of the shaft out- 
side the power frame. 



OPERATIONAL CAMS. — The two operational 
cams are located on the right side of the opera- 
tional shaft just inside the powerframe. Look at 
figure 9-76. The left-hand cam is a double- 
lobed cam that requires only 180° of rotation to 
complete one operation. Its purpose is to power 
the spacebar and backspace mechanisms. The 
righthand cam is a single-lobed cam requiring 
360° of rotation to complete one operation. It 
powers the engaging of tho carrier return me- 
chanism and operates the indexing mechanism. 
Each operational cam must power two functions. 
The mechanism to be operated is selected by de- 
pressing the desired keylever. The selection 
operation is discussed later in this section. 

Both the single-and double-lobed cams have 
the same rise from the low point to the high 
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Figure 9-76, — Operational, cams. 



point. The double-lobed cam completes any opera- 
tion sooner than the single-lobed cam, because 
it requires only 180° rotation compared to 360° 
for the single-lobed cam. The faster double- 
lobed cam is used in the spacebar mechanism, 
because the spacebar action mast be as fast as 
the print action in order to maintain typing 
rhythm. The backspace operation must operate 
quickly in order to provide rapid positioning of 
the carrier; therefore, it also uses the double- 
lobed cam. Both the carrier return and indexing 
keylevers have a repeat/nonrepeat feature. When 
operated in the repeat position, they cause rapid 
indexing of the platen. Operating too rapidly 
could create inaccurate indexing due to platen 

■overthrow and failure of the index pawl to restore 
quickly enough; therefore, the slower single- 
lobed cam is used to operate-the carrier return 
and indexing mechanisms. 

A ratchet, called the operational clutch ratchet, 
is setscrewed to the operational camshaft. Take 
a look at the drawing in figure 9-7fc and you can 
see that the cam assemblies are C-clipped into, 
position on the shoulders of the ratchet, one on 
each end. The operational camshaft and clutch 
ratchet are allowed to turn while the cam as- 
semblies remain stationary. Steel sleeves fitted 
into the cam bodies act as bearings for the 

■ cams . 

A cam rotates onlywhen a particular operation 
is desired. In order for the cam to rotate it must 
be "locked'' to the operational clutch ratchet. 
Now turn to figure 9^77A. As In the drawing, 
each cam has a pawl mounted to it in snch a 
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Figure 9-77. — Operational cam. 

manner that the pawl can be pivoted into en- 
gagement with the rotating operational clutch 
ratchet. Whenever the pawl is permitted to en- 
gage in the clutch ratchet, the cam rotates with 
the ratchet in the manner indicated in figure 
9-77B. The operational cam pawl is prevented 
from engaging the clutch ratchet by a disc called 
the clutch wheel, shown in figure 9-77A. The 
clutch wheel is attached to and forms a part of 
the cam assembly. The disc is mounted to the 
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cam assembly so that the cam pawl operates 
through an oversiz-ed hole in the disc. The clutch 
wheel is free to rotate on the cam assembly, but 
its movement is restricted by contact with the 
cam pawl, A pin at the tip of the pawl fits into 
another hole in the clutch wheel that has one 
side beveled, as shown in figure 9-77B, Move- 
ment of the cam while the clutch wheel is held 
stationary causes the pin on the pawl to slide 
up the beveled side of the hole and disengage 
the pawl from the ratchet, A drawing of this is 
in figure 9-77C, 

Movement of the clutch wheel is controlled 
by the clutch release arm pivoted on a shaft 
iDelow and to the rear of the cam assembly 
shown in figure 9-77A, The clutch wheel has a 
tooth that contacts the end of the clutch release 
arm as the cam assembly rotates. The clutch 
release arm stops the movement of the wheel. 
Further rotation of the cam causes the pawl 
to be disengaged from the ratchet as described. 
When the clutch release arm is moved down, 
the clutch wheel is released as shown in figure 
9-77B. The cam pawl spring is then allowed 
to pull the pawl into engagement with a tooth 
of the clutch ratchet by merely rotating the 
clutch wheel out of the way. As soon as the 
clutch release arm is allowed to -restore, it 
is pulled by its spring back up into position 
to contact a tooth of the clutch wheeL There 
are only two such teeth for the double-lobed 
cam and only one for the single-Iobed cam. The 
cam assembly is driven 180° for the double- 
lobed cam and 360° for the single-lobed cam 
before the clutch release arm contacts and stops 
a tooth of the clutch wheel. 

Rotation of the double-lobed cam through 
360° allows the high point of the cam to operate 
the particular function involved. The cam pawl 
spring tries to pull the pawl into engagement 
with the clutch, ratchet. Unless the cam is held 
in position after the pawl is disengaged from 
the ratchet, the spring will cause the cam tr. 
creep bac-cward, allowing the pawl to partiaUy 
engage the ratchet and create a loud buzzing 
sound. It cannot fully engage the ratchet, be- 
cause it would be disengaged immediately as 
previously described. To prevent backward creep 
of the operational cams and the resulting noise, 
there is a cam check pawl for each cam. The 
check pawl engages a notch in the cam assembly 
(as shown in fig, 9-78) as soon as it has rotated 
far enough for the cam pawl to be disengaged 
from the ratchet. The check pawls extend to the 
rear from a pivot pin located just, in front oi 
the cams. An extension spring from each ch^ck 
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pawl to the clutch release arm maintains the 
two parts in the rest position. The notch engaged 
by the cam check pawl is in a disc-shaped part 
called the cam check ring. The ring is attached 
to the cam by two screws. An eccentric collar' 
on one of the screws permits adjustment of the 
cam check ring, 

OPERATIONAL CONTROL MECHANISM, — 
The operational control mechanism is a compact 
unit contained in a bracket located under the 
operational cams. The purpose of the mechanism 
is to select the function to be operated, control the 
movement of the cam, and transfer the cam 
motion to the selected operation. To fulfill these 
three purposes, each cam requires four basic 
parts in its control mechanism. They are: an 
interposer to select the operation and to help 
with the cam control, a clutch release arm to 
control the cam, a restoring device for the inter- 
poser, and a cam follower to transfer the cam 
motion to the operations , The principle of operation 
for both cam control mechanisms is the same; 
however, the parts design differs slightly. 

Interposers. — Each mechanism operated by 
the cams requires an interposer to select the 
mechanism to be operated and to cause the cam 
to be engaged. Refer to figures 9-79 and 9-80. 
These four interposers operate front to rear 
through slots in the operational control bracket 
and are latched forward on an adjustable guide 
attached to the front of the bracket, A position 
for a fifth Irterposer is present in the operational 
control bracket. The fifth interposer is used in 
special applications of the machine and is not 
normally included in the mechanism. Each inter- 
poser is spring-loaded to the rear by an extension 
spring between the interposer and the rear of the 
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Figiu^e 9-79. — Carritf return/indexing operational control mechanism. 91,501 




Figrare 9-80. — Back/ spacebar- operational control mechanism. 91.502 
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operational control bracket. Attached to the front 
of each interposer is a small pivoting latch. The 
latch is spring-loaded upv/ard against the inter- 
poser. The top portion of the latch forms a hook 
for the interposer and hooks under the keylever 
pawl guide bracket (as in fig. 9-79) to hold the 
interposer forward. 

When the interposer is pushed down the latch 
clears the bracket, allowing the interposer to be 
pulled to the rear to perform its function. The 
latch pivots on the interposer so that the entire 
interposer does not have to move down to allow 
the latch to relatch on the guide bracket as 
the interposer restores to the front. This in- 
sures positive relatching, because the latch 
can very quickly snap back up into the latched . 
position after it has been cammed down by the 
guide bracket. The carrier return, indexing, 
backspace, and spacebar keylevers each have a 
pawl attached at the rear that extends down through 
a slotted guide stud to a position just above its 
own particular interposer. Depression of one of 
the keylevers causes a lug at the bottom of the 
kejdever pawl to depress the interposer and re- 
lease it to the rear. 

Clutch Release Arm. — Two clutch release 
arms are present-, one for each cam. The arms 
are identical in operation but slightly different 
in design to conform to their position in the 
machine. The. release arms pivot on a shaft 
at the rear of the cams. Each clutch release 
arm has three extensions from the pivot. The 
forward extension blocks the clutch wheel to 
disengage the cam pawl from the ratchet. The 
lower extension is contacted by an interposer. 
The interposer pivots the forward extension 
down out of the path of the clutch wheel to 
allow the cam to be driven. In the rest position, 
the I ear extension of the clutch release arm 
contacts the bottom of the operationp.l control 
bracket. This controls the ''bite'' between the 
release arm and the clutch wheel to insure 
positive release action. The clutch release arm 
is restored and held at rest by an extension 
spring between the forward extension and the 
cam check pawl. 

Cam Follower. — Again, look at figures 9-79 
and 9-80. Each cam has a cam follower de- 
signed to convert the rotary motion of the cam 
into vertical linear motion at the rear. The cam 
followers are bellcrank devices mounted just to 
the rear of the cams. The cam followers pivot 
around the same pivot shaft that supports the 
clutch release arms. A roller at the top of each 



cam follower is in continuous contact with its 
particular cam. 

The carrier return/indexing cam follower 
(fig. 9-79) extends to the rear where it is 
designed in the form of a bail. When the cam 
operates, the rear of the follower moves down 
as the cam forces the roller to the rear. A 
link attached near the rear of the cam follower 
operates the indexing mechanism. Each time 
the cam operates, an indexing mechanism re- 
stores the cam follower and hoMs the roller 
against the cam. 

The backspace/spacebar cam follower, shown 
in figure 9-80, is designed to operate three 
mechanisms. In normal applications of the ma- 
chine, only the backspace and spacebar are pres- 
ent. In input/output typewriters the tabulator 
is also powered by the cam. Because it has three 
positions to operate, the cam follower must be 
wider than that of the carrier return. 

An extension spring from the cam follower 
-to the operational latch bracket restores the 
cam followei- and holds the roller against the 
cam. Pressure of the cam follower roller against 
the cam is essential for proper operation of each 
cam. The spring tension forces the cam follower 
from the high point to the low point of the cam. 
This accelerates the cam enough to give the over- 
throw required to disengage the cam pawl from 
the ratchet and to allow the check pawl to engage 
the check ring. 

Interposer Restoring Lever. — Look at figure 
9-81 . After an interposer has been released 
to the rear to begin an operation, it must be 
restored forward so that the clutch release arm 
may pivot back to its rest position to stop the 
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Figure 9-81. — Iiuerposer restoring operation. 
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action of the cam. The interposers are restored 
by a bail-shaped part that pivots between the sides 
of the operational control bracket and is located 
just to the rear of the interposers. A lug at cam 
side of the interposer restoringlever is in contact 
with the cam followers. Operation of either cam 
follower pivots the bottom of the restoring lever 
forward. The restoring lever, in turn, forcej the 
interposer forward where it can latch in the rest 
position. 

OPERATIONAL SELECTION. —Refer to fig- 
ure 9-79. In addition to causing cam release, the 
interposer must set up the mechanism to be op- 
erated. This is true of all except the indexing in- 
terposer. Because the indexing mechanism is 
directly connected to the cam follower, merely 
releasing the cam results in an indexing opera- 
tion. 

Look at figm^es 9-79 and 9-80 again. The 
backspace, spacebar, and carrier return in- 
terposers each have a small, hooklike operational 
latch resting against the rear of the interposer. 
A small extension spring maintains the latcfi 
against the interposer. Each latch is suspended 
from its own particular mechanism located above 
the rear of the interposer. Pulling any one of the 
latches down causes it to operate the mechanism 
involved. The hook portion of the operational 
latch rests just ix) front of the cam follower. 
When one of the interposers is snapped to the 
rear, the latch for that interposer. is pushed to 
the rear, where it hooks under the cam follower. 
The cam follower is then operated to pull down 
on the latch and actuate the selected mechanism. 

Look at figure 9-81. As the ".cd.ni follower 
is operated, the interposer is restored to the 
front by the restoring lever. This causes the 
spring between the interposer and the operational 
latch to extend. Extending the spring tends to 
pull the latch out from under the cam follower 
before the operation is completed. To insure a 
complete operation, the latch is locked to the 
rear as soon as the operation begins. As the 
latch is pulled down by the cam follower, it 
moves down behind a lug of the operational 
control bracket, as shown in figure 9-82. The 
lug prevents any forward movement of the latoh 
until the operation is completed and the -cam 
follower restores. The latch is then pulled 
forward into its rest position against the inter- 
poser. The carrier reUu:n latch is not locked 
to the rear, because its beveled forward edge 
permits it to remain . in contact with the inter- 
poser throughout the operation. 
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OPERATING SEQUENCE.— As the desired 
keylever is depressed, a lug of the keylever 
pawl contacts an interposer, forcing it down to 
release it from the guide* bracket. The interposer 
is pulled to the rear by its spring. A lug on the 
interposer contacts the clutch release arm, ro- 
tating it down at the front to allow the cam 
clutch to be engaged. At the same time, the inter- 
poser forces its selective latch to the rear, push- 
ing it under the cam follower. The cam is driven 
by the clutch ratchet, causing the cam follower 
to move from the low point to the high point of 
the cam. Movement of the* cam follower pulls 
down on the operational latch to power the me- 
chanism and, at tl a same time, actuate the 
interposer restorinf; lever to restore the inter- 
poser forward. The 'Clutch release arm restores 
into the path of the clutch wheel ready to dis- 
engage the cam clutch. The cam follower passes 
the high (.point of the cam and restores to the 
rest position as it reaches the low point. The 
operational latch is snapped forward against 
its interposer into the rest position, and the 
operation is completed. 

REPEAT/NONREPEAT.—Each of the four 
mechanisms operated by the operational cams is 
equipped with a repeat/nonrei^at feature. When 
the keylever is depressed to its first limit, only 
a single operation occurs. Further depression 
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of the keylever causes the first limit to yield 
and allow a repeating action. Look at figure 9-83A. 
In order to obtain either a single or a repeating 
operation, two lugs are needed on each keylever 
pawl. The front lug is just above the tip of the 
interposer when both lugs are at rest as in figure 
9-83A. When the keylever is depressed, the 
front lug causes the interposer to be released. 
As the interposer snaps to the rear, it moves 
out from under the lugs of the keylever, which 
is held depressed to its first limit, and the 
end of the interposer contacts the rear lug of 
the keylever pawl as it restores to the front. 
The interposer forces the pawl forward and re- 
latches on the keylever pawl guide bracket as in 
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Figure 9-83. — Keylever pawl operation. 



figure 9-83B. .When the keylever is released, 
the keylever pawl then resets to the rear above the 
interposer. When the keylever is not released, 
the rear lug on the keylever pawl remains in 
position to release the interposer. 

Depression of the keylever past its first 
limit causes- the rear lug to trip the interposer 
from the latcKljracket as in figure 9-83C. The 
interposer moves to the rear as before, but it 
cannot move far enough to get out from under 
the rear lug of the keylever pawl. Each time 
the interposer is restored to the front, it Is 
prevented from latching as in figure 9-83C , 
because the rear lug of the keylever pawl con- 
tinues to hold it down. Because the interposer 
cannot latch, it is snapped back to the rear by 
its spring to operate the clutch release arm 
and to push the operational latch under the bail 
of the cam follower. Eacii time the cam operates, 
this action of the interposer is repeated, causing 
a continuous operation. 

There is no operational latch for the indexing 
mechanism; therefore, the index interposer alone 
operates the clutch release arm to cause a con- 
tinous cam operation. When the carrier return 
keylever is operated in the repeat position, 
it is always for the purpose of creating a repeat 
indexing operation with the carrier at the left 
margin. This is more convenient for the op- 
erator than using the index keylever, which was 
designed primarily for indexing with the carrier 
away from the left margin. One operation of the 
carrier return interposer causes an index opera- ' 
tion plus a carrier return operation. Only an 
indexing operation is desired thereafter. Each 
time the carrier return interposer moves to 
the rear, however, the operational latch is moved 
under the camio-Uower to cause a carrier return 
operation. 

It is undesirable and unnecessary to have . 
a repeating carrier return action at the left 
margin because of the shock of the carrier 
repeatedly striking the left margin. Therefore, 
the carrier return interposer is not used for a 
repeating operation. When the carrier return 
keylever is depressed and hela down for a single 
operation, the interposer operates to the rear and 
is restored as on the other mechanisms. The 
interposer forces the keylever pawl forward 
slightly in order to latch. The rear of the keylever 
pawl, instead of being above the carrier return 
interposer, is formed to the right above the index 
interposer. In figure 9-84, you can see that de- 
pressing the carrier return keylever past its 
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Figure 9-84. — Repeat carrier return operation. 



first limit causes the keylever pawl to release 
the index inter poser and hold it down. The index 
continues to repeat as long as the keylever is 
held m the repeat position. 

SPACEBAR 

The spacebar mechanism permits the operator 
to move the carrier to the right one space at 



a time without typing a cliaracter on tlie paper. 
It is used mainly for spacing between words, 
but it mjiy also be up-^d to space tlie carrier 
quickly to any point toward the right on the 
writing line. The space bar operates by tip- 
ping the escapement pawl and backspace pawl 
out of their racks as on a print escapement 
operation. The two escapement operations are 
identical except for the metliod of actuating the 
escapement trigger lever. 

SPACEBAR I ::VER MECHANISM (LATE 
LEVEL). — In the late lever spacebar stem, a 
stabilizing link has been attached to the bottom 
of the stem by a shouldered rivet. Turn to figure 
9-85. The rear portion of the stabilizing linlc 
mounts on and pivots around an adjustable guide 
stud. This stud is fastened to a support on the 
front keylever bearing support by two screws. 
The stabilizing link controls .the bottom of the 
spacebar stem to prevent the spacebar from 
tipping forward or backward. The spacebar re- 
storing action is supplied by an extension spring 
attached to the spacebar operating arm and 
anchored to one of three holes; in the carrier 
return/backspace repeat bail. In addition, tlie 
spacebar guide stud and the final stop, as found 
on the early level mechanism, has l^een eliminated 
from the late lever spacebar meclianism. 
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SPACEBAR LOCKOUT (NEW STYLE).— Look 
at figui^e 9-86, The spacebar interlock mechanism 
is mounted within the operational control bra^'jket 
just Ijelow the filter shaft. It consists of a bracket 
an interlock interposer (which ' acts as a cam 
follower), and an interlock cam mounted on the 
filter shaft. When the filter shaft is in its rest 
position, the upper extension of the interlock 
interposer rests on the high point of one of the 
lotes on the interlock cam. This allows the 
horizontal lug on the lower extension of the 
interlock interposer to just clear the adjustable 
stop on the spacebar interposer as it operates to 
the rear during a spacebar operation. 

Whenever a print operation occurs, the filter 
shaft and interlock cam begin to turn, causing 
the rear portion of the interlock interposer to 
rise into the operating path of the spacebar 
interposer. If the spacebar interposer is then 
released, the interlock interposer interrupts and 
stores the rearward travel of the spacebar 
interposer until the filter shaft completes its 
cycle. At this time, the spacebar interposer is 
released to finish its rearward travel, and the 
spacebar operation continues. Note that the inter- 
lock interposer is springloaded into its active 
position and powered to its rest position. This 
is to prevent breakage should both the spacebar 
and print operation be operated simultaneously. 

BACKSPACE 

The ba(jkspace mechanism provides the • 
operator with a method of positioning the carrier 
to the left, one space at a time. It is used pri- 
marily in error correction and in centering 
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Figure 9-86. — Spacebar lockout — new style. 



headings, but it may also Ije used to position 
the carrier quickly to any point toward the left 
on the writing line. 

Look at the drawing of the backspace me- 
chanism in fi^^ure 9-87. The backspace operates 
by forcing the carrier to the left until the escape- 
ment pawl clicks from one tooth of the escape- 
ment rack to the next. The backspace pawl is 
mounted on the escapement bracket with the 
escapement pawl so that movement of the back- 
space pawl to the left also moves the carrier 
and escapement pawl to the left. The tip of the 
backspace pawl engages the teeth of a sliding 
backspace rack located on the back of the power- 
frame just below the escapenisnt rack. Move- 
ment of the backspace rack to the left forces 
the backspace pawl to the left to cause the 
backspace operation. The backspace rack is 
spring-loaded toward the right by an extension 
spring Ijetween the rack and the operational 
latch bracket. Upon completion of the operation, 
the backspace rack restores to the right, causing 
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Figure 9-87. — Backspace mechanism. 
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the backspace pawl to click from one tooth to the 
next in preparation for the next operation. 

Refer now to figiore 9-88. The escapement 
pawl has a small stud on its upper surface 
that fits into a slot in the backspace pawl. The 
slot is elongated front to rear to allow the 
escapement pawl to click from one escapement 
rack tooth to the next as the backspace rack 
forces the carrier to the left as in figure 9- 88A. 
The slot also permits the backspace pawl to 
click into the next tooth as the backspace rack 
restores, as in figure 9-88B, Because of elongated 
pivot holes in the two pawls, the stud connection 
is necessary to insure that the pawls move to- 
gether during a backspace operation and to pre- 
vent the backspace pawl from moving to the right 
as the backspace rack restores. Without the 
stud connection, the backspace rack would re- 
quire .044** additional travel to compensate for 
the .022'* elongation in each pawl. 

Refer again to figure 9-87. The backspace 
rack is actuated by a bellcrank pivoted on the 
front of the back plate. The bellcrank operates 
the rack through an adjustable interms-diate 
lever pivoted at the top of the operational latch 
bracket. The backspace operational latch is 
mounted to the horizontal arm of the backspace 
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Figure 9-88. — Backspace strokes. 



bellcrank by a ball-shouldered rivet to permit 
free rotation of the latch. The latch extends 
down into position to hook under the bail of the 
operational cam follower. When the backspace 
interposer is released, the latch is pushed to the 
rear uidsr the cam follower . Operation of the 
cam causes the cam follower to pull the latch 
down, rotating the backspace !>3llcrank. A large- 
headed adjusting screw on the' vertical arm ofthe 
bellcrank operates the inter m<:dLate backspace 
lever to Lorce the backspace rack to the left. 

The intermediate backspace lever is adjust- 
able forward or backward to obtain the proper 
throw of the backspace rack. The intermediate 
lever is adjusted farther forward on the 12-pitch 
machines than on the 10-pitch, The 12-pitch 
intermediate lever is shorter than the 10 pitch 
to prevent interference with the powerframe. It 
is too short to be used on 10-pitch machines. 
The 12-pitch intermediate lever is identified by 
a notch in the right side. Tne 10-pitch lever is 
unmarked. 

Refer to the drawing in figure 9-89 and we 
see that the backspace interposer is released 
by depression of the backspace keybutton, located 
at the upiDcr right-hand corner of the keyboard. 
The backspace keylever is mLiunted in the keyboard 
assem])ly in the same manner as the letter key- 
levers. An extension spring between the keylever 
and the keylever guard restores the keylever to 
the rest position. A keylever pawl attached to 
the rear of the keylever extends down through 
a slotted guide stud in position just above the 
backspace interposer. Depression of the key- 
lever causes the interposer to be released to the 
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Figure 9-89. — Backspace keylever mechanism. 
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rear to begin the backspace operation. The up- 
ward travel of the keylever is limited by a ful- 
crum rod located at the top of the guide comb, A 
bail, located under the right front corner of the 
keyboard, determines the first limit for the key- 
lever depression. The left end of the bail pivots 
in a small bracket attached to the bottom of the 
guide comb support. The right end pivots in' 
a hole in the keyboard sideframe. 

A lug on the right side of the repeat bqil 
limits against the keyboard sideframe to deter- 
mine the rest position of the repeat bail. An 
extension spring inside the sideframe holds the 
repeat bail in the rest position and offers a 
resistance to further depression of the keylever. 
When the keylever is depressed, the front of the 
keylever is forced down against the repeat bail. 
This stops the travel of the keylever and allows 
a single operation of the mechanism. Additional 
pressure on the keylever causes the repeat bail 
to yield allowing the keylever to move into the 
repeat position. Holding the keylever in the fully 
depressed position causes the keylever pawl to 
hold the interposer down, allowing a continous 
operation of the mechanism. The final travel of 
the keylever is reached when the keylever bot- 
toms in the guide comb. 

CARRIER RETURN 
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Figure 9-90. — Carrier return mechanism. 



CARRIER RETURN. — The carrier return me- 
chanism returns the carrier to the left margin 
and automatically line spaces the paper. De- 
pressing the carrier return keylever into the 
repeat position causes additional line space 
operations. This can be done while the carrier 
is being returned, making it unnecessary for the 
operator to wait unti.' the carrier reaches the 
left margin. Let's lock at figure 9-90 to get a 
picture of this mechanisiii. 

The carrier return operates by winding the 
carrier return cord onto a drum at the rear of 
the machine. The carrier, return cord hooks to 
the bottom of the carrier, .passes around Lwo 
pulleys at the left, extends back to the right 
over a guide roller, and attaches to the carrier 
return cord drum. The drum has spiral grooves 
far winding up the cord as on the escape cord 
drum. The carrier return cord drum is attached 
by setscrews to; the escapement shaft just in 
front of the rfiainspring. Rotation of the escape- 
ment shaft causes the drum to wind up the cord 
and move the csirrier to the left. Movement to 
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the left opposes the mainspring tension, causing 
the mainspring to tighten. 

The power to rotate the escapement shaft in 
opposition, to the mainspring is taken directly 
from the operational cam shaft. The escape- 
ment cord drum (at the front of the escape- 
ment shaft) has a beveled gear molded on its 
front. This beveled gear meshes with a small 
pinion gear on the operational shaft. The pinion 
gear pivots freely on the shaft between two C- 
clips, 

A spring clutch rotates the pinion with the 
operational shaft. The pinion gear drives the 
escapement cord drum in a clockwise direction, 
causing the carrier return cord to wind onto 
its drum. The carrier return pin^'^n has a hub 
that forms a part of the spring clutch. A second 
hub just to the left of the pinion is in continous 
rotation with the operational shaft. A clutch spring 
fits around the two hubs to complete the spring 
clutch. A steel band clamps the left end of the 
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spring 'around its hub so that no slippage can 
occur at that point. The clamp causes the spring 
to rotate with the operational shaft. The shaft 
turns in the tightening direction of the spring, 
but no tightening occurs l^ecause the- pinion hub 
is smiller than the inside diamster of the clutch 
spring. If the clutch spring is to tighten friction 
must exist between the spring and the hub it is 
to drive. Pressing' the loose end of the carrier 
return clutch spring against the pinion hub 
causes the necessary friction, and the spring 
tightens around the hub and drives the pinion. 

The spring is pressed against the pinion 
hub by a nylon shoe just to the rear of the carrier 
return pinion. The clutch spring decreases in 
diameter as it tightens around the pinion hub. 
The tension of the spring resists any change in 
size; therefore, when the pressure from the shoe 
is relaxed, the spring snaps back to normal size 
and ceases to drive the pinion. In order to 
obtain a full carrier return, the carrier retia^i 
shoe must press the spring against the pinion hub 
and hold it there until the carrier has reached 
the left margin. It mast then release the clutch 
spring to end the carrier return operation. The 
power to operate the shoe against the clutch spring 
is taken from the. single-lol:)ed operation cam. 
Depression of the carrier return keylever sets 
the mt^chanism into operation. The keylever 
operates at the right side of the keyboard Ijeside 
the backspace keylever. The keylever pivots a- 
round the fulcrum rod at the rear and operates 
in the keylever guide combatthe front. The limits 
of the keylever travel are the same as for the 
backspace lever. At this point, turn back to 
figure 9-79. 

When the carrier return keylever is depressed, 
the keylever pawl ?.ttached at the rear of the 
keylever releases the carrier -return i nterposer 
to the rear. The interposer causes the cam to 
be engaged and pushes the carrier return op- 
erational latch under the cam follower into posi- 
tion to be pulled down. When the cam operates, 
the cam follower pulls down on the latch. It also 
pulls down on the index pa\yl carrier link, at- 
tached at the rear of the follower, causing a line 
space operation. Now, look at figure 9-91. The 
carrier return operational latch is mounted on the 
carrier return latch arm that pivots around a 
shaft on the operational latch bracket at the rear 
of the powerframe. The shaft is called the pivot 
pin and also acts as a pivot point for the escape- 
ment trigger lever and the spacebar latch lever. 
Attached solidly to the right end of the pivot pin 

ERLC 



is a bellcrank called the clutch latch actuating 
arm. As the cam follower moves the operational 
latch down, an adjusting screw at the right side 
of the carrier return latch arm rotates the clutch 
latch actuating arm and pivot pin. 

This action causes three things to occur: (1) 
the escaiDement and backspace pawls are re- 
moved from their racks, (2) the clutch spring 
tightens on the hub to drive the carrier return, 
and (3) the clutch latch actuating arm is latched 
in the operated position. 

The top of the clutch latch actuating arm 
forces a lug of the escapement torque bar to the 
rear rotating it to remove the escapement and 
backspace pawls from their racks. This pre- 
vents the pawls from dragging along their racks 
as the cai^rier is returned. 

The carrier retuiMi clutch spring, shown in 
figure 9-90, tightens around the pinion hub and 
drives the carrier return o[>eration. Now, in 
figure 9-92, we see an arm called the carrier 
return clutch arm. The bottom of the clutch arm's 
pivot pin pulls up on a heavy extension spring. 
The lower end of the spring is connected to a 
Ix3llcrank-like part called the carrier return 
actuating arm. The upward pull on the spring 
rotates the nylon carrier return shoe (at the 
top of the arm) against the clutch spring, forc- 
ing the spring to tighten and drive the pinion 
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Figure 9-91.~Carrier retur,: latch operation 
' (721). 
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Figure 9-92, — Carrier return clutch actuating 
mechanism. 



gear. Once the shoe is pressing against the 
clutch spring, the heavy carrier retcrn actuating 
spring is extended slightly to maintain a constant 
pressure against the clutch spring. 



loads the margin rack to the right. As the car- 
rier moves to the left during a return operation, 
the carrier strikes the left margin stop, forcing 
the margin rack to the left. The extreme right 
end of the margin rack contains a roll pin. 
Movement of the rack to the left causes the 
pin to operate the carrier retur^i unlatching bell- 
crank down, as in figure 9-93. A link connects 
the bellcrank to the carrier retiarn latch keeper 
at the rear. As the bellcrank operates, the un- 
latching linl^ pulls the keeper forward, releasing 
the clutch latch. The latch is restored to the 
rest position by its spring and the action of the 
escapement torque bar spring. 

Back at figure 9-92, we see that a small 
spring connected near the carrier return shoe 
holds the shoe away from the clutch spring in 
the rest position. The clutch latch does not hold 
the cam follower in the active position during a 
return operation; therefore, the cam and follower 
immediately restores to the rest position ready 
for the next operation. Depression of the key- 
lever with the carrier in motion releases the 
interposer to cause another carrier return 
operation. Because the carrier is already in 



The clutch latch actuating arm is latched 
in the operated position to maintain pawl release 
and to continue the pressure of the shoe against 
the clutch spring. The rear of the clutch latch 
actuating arm contains an elongated hole. An 
eccentric adjusting screw connects the arm to 
the carrier return clutch latch, shown in figure 
9-91, which pivots at the rear on the powder- 
frame. As the carrier return actuating arm, in 
figure 9-90, moves down, the clutch latch is also 
lowered. Spring-loaded against the forv/ard edge 
of the clutch latch is a hook-like part called the 
carrier return latch keeper, which is shown in 
figure 9-91. When the clutch latch has been 
pulled down. into its active position, the keeper 
hooks over the latch to hold it down. The carrier 
return mechanism remains latched in the active 
position [uiitil the carrier reaches the left margin. 
At that tirrle the clutch is unlatched and the escape- 
ment pawl is restored to the escapement rack 
ready for a typing operation. 

The margin rack is mounted between the side- 
frames just in front of the carrier. The margin 
rack has a small amount of lateral movement. 
When the carrier is away from the left margin, 
a spring, located at the left end of the rack. 
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Figure 9-93. — Carrier return clutch ur ! utcliing" 
mechanism. 
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motion, this amounts to nothing more than another 
line space operation. Depression of the keylever 
into the repeat position rpuses the repeat bail 
to yield and allows *".hp rear lug of the keylever 
pawl to release the index interposer to the rear. 
This causes an index operation only, without 
operating the carrier return clutch mechanism. 

A line space operation can repeat either 
with the carrier £t the left margin or as the 
carrier is moving \oward the left. If the carrier 
is already resting at the left margin when a 
carrier return operation begins, .the clutch 
is prevented from latching. Thb CBun is not 
prevented from latching. The cam is not pre- 
vented from operating, however; so a carrier 
return operation must occur. The platen is in- 
dexed, and the carrier return spring clutch at- 
tempts to wind the carrier return cord into the 
drum. The carrier cannot be pulled farther to 
the left because it is already against the left 
margin- The pull continues to be exerted on the 
cord until the cam follower passes the high 
point of the cam at which time it restores and 
allows the shoe to move away from the clutch 
spring. 

In figure 9-94 we have a cutaway view and 
in figure 9-95 an exploded view of the torque 
limiter. While the cord is teing pulled without 
being able to move the carrier, the carrier 
return clutch mechanism must be allowed to 
slip in order to reduce the strain and to prevent 
breakage to the parts. The carrier return clutch 
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Figure 9-94. — Torque limiter — cutaway view. 
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Figure 9-95. — Torque limiter — exploded view. 



arbor is indirectly driven by the operational 
shaft. The large shoulder on the arbor fits into 
a heavy clutch spring at the left called the tor- 
que limiter spring. The left end of the spring is 
clamped to the torque limiter hub, and the torque 
limiter hub is setscrewed to the operational 
shaft. The carrier return clutch arbor is then 
driven by the torque limiter spring. The 
operational shaft turns in the unwinding direction 
of the torque limiter spring. This tends to ex- 
pand it, allowing it to slip. The spring is heavy 
and considerably smaller than the carrier return 
clutch arbor over which it fits . The friction 
present tetween the arbor and the spring tends 
to drive the -arbor even though it is in the un- 
winding direction of the spring. However, in- 
sufficient driving force is obtained from this 
arrangement. The right end of the torque limiter 
spring is formed into an eye to accpet an ex- 
tension spring connected from the eye to an 
eccentric adjusting stud on the torque limiter 
hub. The extension spring increases the force 
required to unwind the torque limiter spring 
so that no slippage occurs during normal car- 
rier return. The torque limiter spring slips 
when the carrier cannot move to the left. It also 
slips at the beginning of a carrier return op- 
eration to allow smooth acceleration and to pre- 
vent a jerky start. 

CARRIER RETURN (723 and 725). — The op- 
erational section of the carrier return me- 
chanism on the long carriage machines (723 and 



251 



INSTRUMENTMAN 1 & C 



725) is different from that of the 721 becau'^e 
of the longer carriage. The carriage return 
operational latch is mounted on the carrier 
return latch arm, which pivots freely about a 
pivot pin mounted in the right-hand operational 
latch bracket at the rear of the powerframe. 
The Carrier return latch arm straddles the 
carrier return lever, shown in figure 9-96 
which is tightly fastened to the same pivot pin 
by a bristol screw. The bristol screw tightens 
against a flat spot on the pivot pin. An adjust- 
ing screw threaded through the top of the latch 
arm contacts the top of the horizontal lug on the 
carrier return lever, A spring between these 
two pieces loads them together. 

When the carrier return latch is pulled 
down by the cam follower, the latch arm forces 
down on the carrier return lever causing the 
pivot pin to rotate. Riveted to the right-hand 
end of the pivot pin and rotating with it is an 
arm called the carrier return latch actuating 
arm. This arm performs the same function on 
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Figure 9-96. — Carrier return (723 and 725). 
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the long carriage machines as it does on the 
721, It rotates the escapement torque bar (re- 
moving the escapement and backspace, pawls 
from their racks) and also operates the carrier 
return clutch latch down to its latched position. 
The carrier return lever has a pin that projects 
to the left into a forked arm, located on the 
right-hand end of the carrier return clutch 
arm pivot pin. This provides a solid driving 
connection between the two pivot pins. When- 
ever the Carrier return latch is pulled down, 
the carrier return clutch arm pivot pin rotates, 
causing the clutch ar to produce a pull on the 
heavy spring attached to the carrier return 
actuating arm. From this point on, the operation 
is the same on long carriage machines as on the 
model 721, 

INDEXING THE PLATEN VARIABLE 

INDEXING, — The indexing mechanism spaces 
the paper vertically. An indexing operation can 
be obtained by depressing either the carrier 
return keylever or the special indexing key- 
lever. Depressing the carrier retiurn keylever 
also causes the carrier to move to the left 
margin, whereas depressing the index keylever 
causes a line space operation only. The index 
selector lever, located to the rear of the right 
end of the platen, may be positioned so that the 
mechanism spaces either one or two spaces 
during each operation. With the lever forward, 
single line spacing occurs. Double spacing takes 
place if the lever is to the rear. Indexing is 
done by a pawl that engages and rotates a 
ratchet a'; the right end of the platen. The 
ratchet is locked to the platen so that the 
platen is also rotated. Two styles of indexing 
mechanisms have been produced. . » " 

New Style Indexing, — The new indexing me- 
chanism, shown at the top of figure 9-97 is 
designed to improve the accuracy and reliability 
of the indexing operation. It differs from the 
earlier design mainly in the index pawl and 
*the method of selecting single-or double spacing. 
In figure 9-98, the index mechanism is in rest 
position. The index mechanism is operated by the 
cam follower through the index pawl carrier link 
connected to the front of the index multiplying 
lever. The rear of the multiplying lever is al- 
ways in contact with the multiplying lever stop, 
which is attached solidly to the powerframe. 
The top of figiu?e 9-97 shows the indexing me- 
chanism in the active position. As the cam 
follower operates (as in the bottom part of 
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Figure 9-97, — Index mechanism— active position. 



fig'. 9-97), the multiplying lever pivots on the 
cam follower and pulls down on the index pawl 
carrier link shown. 

The index pawl carrier link always receives 
the same amount of motion each time it operates, 
regardless of whether the. mechanism is set 
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Figure 9-98. — Index mechanism— reset position. 



for single or double spacing. The amount of 
travel is sufficient to cause double-space rotation 
of the platen. Dming a double-space operation, 
the index pawl is allowed to enter the platen 
ratchet immediately. The index pawl then forces 
the ratchet tooth forward two spaces until the 
pawl contacts the platen overthrow stop, as 
seen in the top half of figure 9-97. The over- 
throw stop wedges the pawl into the ratchet teeth 
to lock the platen in position. If only a single- 
space operation is desired, the index pawl must 
be prevented from entering the ratchet until it 
has passed one tooth of the ratchet. The re- 
maining travel after the index pawl enters the 
ratchet is only sufficient to cause a single- 
space rotation of the platen. The index pawl 
contacts the platen overthrow stop at the end 
of the stroke as in a double-space operation. 

To see how double spacing it set up, look at 
figure 9-99. The index pawl entry into the platen 
ratchet is controlled by the line space cam lever 
attached to the index selection lever. The cam 
lever has two steps at the forward end in position 
to contact a stud on the side of the index pawl. 
A small spring between the index pawl and the 
pawl carrier spring-loads the bottom of the 
pawl toward the platen. With the index selection 
lever to the rear in the double-space position, 
the index pawl stud contacts the lower step of 
the cam, allowing the pawl to rest near the 
platen ratchet as in figure 9-99. 

In the single-space position, the index pawl 
stud contacts the upper step of the cam lever, 
causing the index pawl to rest farther from the 
platen as in figure 9-100. Thus, in the single- 
space position, the index pawl stud maintains 



Index Sefector Lever 




91.521 

Figure 9-99. — Index selection mechanism. 
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Figure 9-100. 



Platen Overthrow Stop 



91.522 

■Index selection mechanism. 
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contact with the line space cam lever longer and 
delays the entry of the pawl into the platen ratchet. 
The index selection lever is held in the single or 
double-space position by a toggle hairpin spring. 
Movement of the index selection lever is re- 
stricted by two extensions at the bottom of the 
lever that contacts the hairpin spring mountir.g 
stud. 

The index pawi is designed with an elongated 
pivot hole so that it "floats'' forward during 
a portion of the index stroke. The pawl is 
spring-loaded forward in the rest position by an 
extension sprin^^ between the pawl and a hook on 
the platen overthrow stop. A heavier spring be- 
tv/een the index pawl carrier and the base tie 
rod holds the mechanism in the rest position. 
As the index mechanism operates, the pawl 
engages the ratchet tooth. There is then a slight 
delay until the pawl carrier reaches the end of 
the elongated slot in the index pawl. The pawl 
carrier is operated so sharply that it actually 
"kicks" the platen. The platen is thus caused to 
move ahead of the index stroke. Without the 
elongated hole in the index pawl, the platen 
ratchet would reach the final posit'on ahead of 
the index pawl. With the floating index pawl, 
the pawl is spring-loaded forward against the 
ratchet tooth» As the ratchet moves ahead of 
the index stroke, the pawl is able to move with 
it and reach the overthrow stop at the same time 
the platen reaches the final position. The pawl 
is then able to wedge into the ratchet and block 
any further rotation due to the momentum of the 
platen » 

WDEX KEYLEVER MECHANISM. —An index- 
ing operation occurs any time the cam operates 



the cam follower. The cam may be caused to 
operate by releasing either the index or carrier 
return interposer to the rear. The carrier return 
operation has been discussed in another section; 
therefore, the index alone will be dealt with here. 

The index keylever pivots on the keylever 
fulcrum rod at the rear and ?ixtends toward the 
front only to the first row cf keybuttons. An 
offset in the keylever places the end of the 
keylever and keybutton outside the right side- 
frame (see fig. 9-101). A stud in the sideframe 
fits thi^ough an elongated hole in the keylever 
to limit the overall travel of the keylever. An 
extension spring from a lug on the keylever to 
the stud restores the keylever to the rest position. 
A small spring-loaded arm, called the index 
repeat lever, operates in a slot in the sideframe 
under the keylever and acts as a first limit for 
the keylever depression. When the keylever is 
depressed to the first limit, the keylever pawl 
at the rear of the keylever depresses the index 
interposer to release it to the rear. This re- 
leases the cam, allowing the operation to occur. 
If additional pressure is applied to the keybutton, 
the index repeat lever yields allowing further 
depression of the keylever. The rear lug of the 
keylever pawl then holds the interposer down so 
that it cannot relate h forward on the guide braket. 
The interposer continues to operate forward and 
backward creating a repeat cam operation and a 
repeat indexing of the platen. 

PLATEN VARIABLE. — The platen variable 
mechanism provides the operator with a means 
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Figure 9-101. — Index keylever mechanism. 
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of x^otating the platen to a position other than the 
nox'mal wxnting line. The variable is used for 
typing above or below the writing line, locating 
the writing line after reinserting the paper, and 
for typing on lines of other than six-lines-per- 
inch spacing. The platen ratchet mubt remain 
stationary when selecting a new writing line so 
that :he detent roller will be seated between 
two teeth of the ratchet at the new position. 
A clutch mechanism connects the ratchet to the 
platen so that it can be engaged for line spacing 
and disengageu for the variable operation. The 
clutch can be disengaged by pushing the left-hand 
platen knob toward the right. As long as the knob 
is held to the right, the platen can be rotated 
freely while the ratchet remains stationary. 
When the knob is released, the ratchet is auto- 
matically reengaged by spring tension. 

Notice in figure 9-102 that the left side- of 
the platen ratchet contains two heavy lugs that 
form a channel. The platen variable driver 
operates left to right in the slot and always 
turns with the ratchet. A compression spring 
between the ratchet and the driver loads the 
driver to the left so th?t serrations on the outer 
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Figure 9-102. — Platen variable mechanism. 



surface of the driver mesh with matching ser- 
rations inside the platen end plug. The meshing 
01 the serrations causes the platen, the driver, 
and the ratchet' to be locked together and turn 
as a unit. When the driver is disengaged from 
the platen end plug, the platen can be turned to 
the desired position. The driver can then engage 
different serrations and lock the platen in the new 
position. The left-hand platen knob is mounted 
to a shaft that slides left or right inside the 
platen. A light compression spring holds the shaft 
toward the right to prevent free play. The shaft 
has two phis attached to the right end that operate 
through tio]es in the platen end plug. The. pins 
on the pui?;h rod extend through the end plug to 
the right and rest against the platen variable 
driver. Movement of the platen knob toward the 
right is transferred to the driver to disengage 
it from the platen end plug. 

TABULATOR 

The tabulator mechanism permits the operator 
to position the carrier quickly to a predetermined 
point on the writing line by depressing the tab 
keybutton one time. The tabulator is used in 
typing columns on figures, indenting paragraphs, 
or any other operation that requires positioning 
the carrier to a specific point each time. In order 
for a tabulator operation to take place, severa? 
basic things must occur. The stopping, point 
must be predetermined. The escapement and 
backspace pawls must be released to allow car- 
rier movement. The pawls must be latched in 
the released position to continue the movement. 
The speed of the carrier must be controlled. And 
the pawls must be allowed to restore to their 
racks at the proper time. 

TAB SET AND CLEAR (GANG CLEAR). — Both 
the tab rack and the tab clear mechanism have 
been redesigned on late level machines so that 
the tab stops may be "gang cleared.'* "Gang 
clearing tab stops'* is the term given to the pro- 
cedure for clearing all of the set tab stops in 
one operation. This is done by positioning the 
carrier at the extreme right-hand margin, de- 
pressing the tab clear button, and (while holding 
the tab clear button • depressed) actuating the 
carrier return mechanism. As the carrier tra- 
vels toward the left-hand margin, it clears every 
set tab stop across the entire length of the tab 
rack. Figure 9-103 illustrates a cross section 
of the tab rack. Notice that the tab stops encircle 
and operate freely about a round shaft that runs 
through the center of the tab rack. The tab. rack 
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Figure 9-103. — Tab set and clear operation 
(gang clear), 

is a slotted tube that mounts on shouldered 
bushings setscrewed to each end of the shaft. 
The slots in the tube are guide slots for each 
individual tab stop. 

Now, look at figure 9-104. Sections of spring 
fingers mounted across the entire length of the 
tab rack operate against small detent lugs (pro- 
jections) on each tab stop. The spring fingers 
hold each tab stop in either its set or cleared 
position. The tab set operation on the . gang clear 
mechanism remains the same as on the old 
style machine. The tab stop strikes a projection 
of the escapement bracket, blocking the move- 
ment of the tab stop as the tab rack rotates the 
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Figure 9-104, — Gang clear finger. 



stop to the rear as in figure 9-103A. The clear 
operation is slightly different. A gang clear 
finger, mounted to the top of the escapement 
bracket and shown in figure 9-104, projects 
to the rear just below the detent lugs on the tab 
stops. When the rack rotates the stop to the front 
during a clear operation, the gang clear finger, 
which Is in the path of the detent lug, restricts 
the tab stop from rotating with the rack, thereby 
causing the tab stop to rotate up co its cleared 
position. 

Diunng a gang clear operation, the rack is 
held, rotated in its cleared position as the gang 
clear finger slides along the rack (with the C£ir- 
rier), camming each set tab stop back to izs 
cleared position. The angle on the left side of the 
tip of the gang clear finger causes this camming 
action. The tab . rack is restored to rest from 
either the set or clear operation by an extension 
spring on the set and clear arm. The spring 
pulls the arm down against twopmsonthe power- 
frams so that it maintains a vertical position. The 
tab is restox^ed rather quickly when released and 
has a tendency to flip past the rest position. 
This could partially clear a stop that had just 
been set or partially set a stop that had just been 
cleared. To prevent the rac*k from restoring 
past the rest position, a leaf spring at the left 
end of the rack applies a slight breaking action. 

PAWL RELEASE. — The main purpose of the 
tab lever is to remove the backspace and escape- 
ment pawls from their racks diuring a tab opera- 
tion. The tab lever mounts at the rear of the fes- 
capement bracket on the same mounting stud as 
the backspace and escapement pawls do. The 
tab lever is very easily operated to the real 
by a manual process. The tab keylever, shown 
in figure 9-105, operates at the left side of the 
keyboard the same as the letter keylevers. A 
lower extenstion makes the keyle^^er operate 
as a bellcrank. When the tab keylever is de- 
pressed, a link connected to the extension operates 
the tab bellcrank, located on the power frame 
at the rear. Through a vertical connecting link, 
the bellcrank rotates the tab torque bar. The 
tab torque bar is mounted in the same way as 
the escapement torque bar . It pivots at each 
end and operates just above the tab lever. The 
pivot point is near the top of the torque bar so 
that depressing the. keylever causes the bottom 
of the bar to swing to the rear. The tab torque 
bar contacts a lug of the tab lever trigger 
located just above the tab lever. 
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Figure 9-105. — Tab keylever mechanism. 



In figure 9-106, we see that a lower lug of 
the trigger forces the tab lever to the rear as 
the keylever is depressed further. As the tab 
lever pivots toward the rear, a lug at the front 
of the tab lever contacts the ehcapement ancf 
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Q Figure 9-106. — Tab latch operation. 
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Figure 9-107. — Tab overthrow stop. 



backspace pawls and forces them to the rear 
out of mesh with their racks. A small latch 
pivots on the escapement liracket at the right 
end of the tab lever. When the tab lever has 
moved far enough to the rear to release the 
pawls, the tab latch swings into a notch in the 
tab lever assembly to hold it to the rear, thus 
latching the pawls out of their racks. A tab 
lever overthrow stop is mounted on the escape- 
ment bracket. It extends to the. rear and down 
behind the tab lever trigger shown in figure 
9-107. The stop prevents the tab lever from 
being thrown into the tab rack if the keylever 
is struck hard. 

TAB GOVERNOR. — The carrier speed dur- 
ing a tab operation must be controlled to insure 
an accurate tab, reduce noise, and prevent ex- 
cessive wear and shock on the components. Dur- 
ing a tab operation, the carrier is pulled to the 
right by the tension of the mainspring as during 
an escapement operation. The tab governor op- 
erates by limiting the speed with which the es- 
capement cord drum winds up the cord. 

Look at figure 9-108. The beveled gear on 
the escapement cord drum meshes with the 
tab governor pinion, located on the operational 
shaft to the right of the cord drum. The pinion 
gear operates between two collars. The left 
collar and the pinion gear have hubs enclosed 
by a clutch spring. The left collar is selscrewed 
to the shaft, and the pinion gear pivots freely on 
the shaft. The spring is wound so that it slips 
when the pinion is held stationary and the opera- 
tional shaft is turning. 

If the pinion gear is turned in the same 
direction as the operational shaft but at a faster 
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the tab lever to the right. As the carrier moves 
toward the right, the tip of the tab lever con- 
tacts the set tab stop and is prevented from 
moving further, as shown in figure g-lOOA. 
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Figure 9-108. — Tab governor mechanism. 



rate of speed, the friction of the clutch spring 
causes it to tighten around the two hubs, lock- 
ing them together. During a tab operation, the 
cord drum drives the pinion gear in the same 
direction as the operational shaft. The main- 
spring tension causes the pinion to speed up 
and tighten the clutch spring. The mainspring 
then tries to accelerate the operational shaft. 
The mainspring does not have sufficient tension 
to drive the. operational shaft because of the 
drag present in the system. The shaft must 
be driven by the motor, therefore the speed 
of the tab governor pinion can be no faster 
than the normal speed of the operational shaft. 
The escapement cord drum can wind up the 
cord only as fast as the pinion lets it. The 
g!ear ratio between the pinion gear and the 
escapement cord drum allows the carrier to 
be moved at the proper speed during* a tab 
operation. There is no governing action during 
approximately the first inch of carrier travel, 
because a short distance is required to tighten 
the tab governor clutch spring. The tab governor 
pinion is the same size as the carrier return 
pinion gear. This makes the speed of the carrier 
the same for both tab and carrier return. 

TAB UNLATCHING. —When the carrier 
reaches the desired stopping point, the escape- 
ment pawl must be allowed to re-enter the es- 
capement rack and stop the movement of the 
carrier. The tab lever is mounted in anelor^ated 
at its pivot point. An extension spring holds 
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Fig;*jre 9-109. — Tab unlatching operation. 
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The carrier continues to the right carrying 
the pawls and the tab latch with it. Movement 
is allowed by the elongated hole at the tab lever 
pivot. As the escapement pawl moves to the 
right in relation to the tab lever, a notch in 
the pawl allows it to drop off the lug of the tab 
lever and restore to the escapement rack, il- 
lustrated in figui^e 9-109 B. Further movement 
of the carrier moves the tab latch to the right 
out of the notch of the tab lever, as shown in 
figure 9-1 09C. The tab lever then restores and 
allows the backspace pawl to re-enter its rack. 

The escapement pawl is allowed to enter the 
rack before the backspace pawl. The escai^ement 
pawl must be allowed to enter early to ensure 
that it enters the correct tooth of the escapement 
rack. If the backspace pawl were allowed to 
entCi at the same time, the adjustment of the 
backspace rack could allow the backspace pawl 
to enter its rack and stop the carrier slightly 
to the left of the desired point. Delaying the 
entry of the backspace pawl prevents this. 

During a rapid 'fab/typing operation, it is 
possible for the typist to delay releasing the 
tab lever until after' a few characters have been 
typed. If this happened, the carrier could reach 
the right side of the elongated hole in the tab 
lever and ?je stopi^ed by the tab lever against 
the set tab stop. To prevent blocking the car- 
rier in this manner, the tab lever and tab 
lever trigger are designed to allow the tab 
lever to restore, even though the keylever is 
held depressed. The trigger moves to the right 
with the carrier during the unlatching travel 
of the carrier. 

Let's look at figure 9-110. At about the same 
time the tab lever js released by the tab latch, 
the tab lever trigger moves in front of a notch 

. in the tab lever. The tab lever is then allowed 
to move forward into the rest position. The 
tab lever is restored by the action of the spring 
on the tab lever and the backspaclb pawl. When 
the tab lever trigger restores, the tab lever 
is allowed to reset for the next operation. As 
the trigger moves out of the notch in the tab 
lever, the tab lever is snapped to the right 
by its spring into position to be operated by the 
trigger. At the same time, the tab lever lug 
resets to the right in front of the escapement 

' pawl ready for pawl release on the next operation. 
A forward extension of the tab lever rests 
against the escapement bracket. A lug at the 
^' rear of the tab lever trigger resets against 
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Figure 9-110, — Tab lever trigger operation. 



the tab lever to prevent the trigger from resting 
against the tab torque bar. Improper rest po- 
sition of the tab lever can cause backspace prob- 
lems if the backspace p^wl is not allowed to 
mesh deeply enough into its rack. The tab 
lever will also fail to reset to the right in front 
of the escapement pawl if the tab lever rests 
too far to the rear. The tab mechanism would 
then be inoperative, because no pawl release 
could be obtained. 

TAB INTERLOCK. —Study figure 9-111 to see 
how the tab lever is prevented from latching 
to the rear during a carrier return operation. 
If the . tab lever were allowed to latch, the tab 
lever pawl attached to the end of the tab lever 
would strike the right side of a tab stop, locking 
the carrier. The tab lever is prevented from latch- 
ing by restricting the tab latch from rotating 
into its latching position. A lug at the rear of 
the tab latch extends down behind the escape- 
ment torque bar. Whenever the escapement torque 
bar is operated, as during a carrier return, 
the tab latch is ro*^ated counterclockwise away 
from the tab* lever. Thus, the tab lever cannot 
latch. 

CARRIER RETURN/INTERLOCK.— The draw- 
ing in figure 9-112 shows that the carrier re- 
turn/tab interlock allows a tab operation to 
supersede or unlatch a carrier return operation. 
An operator can use this interlock feature to 
obtain a partial carrier return that will be 
followed by a tabulation operation to a desired 
set tab stop. This gives the operator a helpful 
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Figure 9-111, — Carrier return tab interlock. 

shortcut when typing a column of figures or 
listing at the right side of the paper. The op- 
eration is achieved by depressing the tab' key- 
lever immediately after the carrier passes the 
desired set tab stop as the carrier is retui^ning 
toward the left-hand margin during a return 
operation. This interlocking action is prcxiuced 
by a belicrank, called the carrier retuini/tab 
interlock, which mounts to the sideframe by a 
shouldered screw. The upper arm of the inter- 
lock extends Ijehind a clip on the tab torque 



Tob Torque Bar 



/ 




bar while the lower arm extends Ijehind the car- 
rier return latch keeper. When the tab torque 
bar V3 rotated, it pushes on the upper arm of the 
interlock, causing the lower arm to pull the 
keeper forward and unlatch the carrier return. 
The additional arm mounted on the same should- 
ered screw is for interlocking the carrier re- 
turn whenever the top cover is raised. This is 
a "safety" interlock. 

M.^RGIN CONTROL 

The term ''margin" denotes tlie distance 
between the edge of the paper and the tyi^e- 
written material. The le^t and riglit mai-gins 
are determined by the position of the margin 
stops on the margin rack. The carrier travel 
is restricted by contacting the margin stops. 

MARGIN STOP. — Look'* at the left margin 
release mechanism in figure 9-113. The margin 
stops are mounted on tlie miu'gin rack. The rack 
is positioned horizontally in the machine in front 
of the carrier. Each margin stop has a slider and 
pin assembly that meshes with teeth at the rear 
of the margin rack. The number of teeth per inch 
in the margin rack corresponds to the pitch of 
tlie machine. Each margin stop has a margin 
set lever attached to the slider and pin assembly. 
The margin set levers extend thi^ough a slot in 
the front case so as to be accessible to the 
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Figure 9-112. — Carrier retui'n/tab interlock. Figure 9-113. — Left margin mechanism. 
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operator. Either margin stop may be repositioned 
by pushing the nargin set lever to -the rear to 
disengage the pin from the rack and then sliding 
the margin stop along the rack to the desired 
location. A scribe line on the margin set lever 
acts as a pointer to indicate the position of the 
margin stop in relation to the s6ale on the front 
of the case. A pointer on the front of the carrier 
indicates the position of the carrier. The left- 
hand margin stop controls'the left margin on the 
paper'. An extension of the stop is struck by the 
margin st6p latch pivoted on a bracket attached 
to the carrier. This action forces the margin 
rack to the left to unlatch the carrier return, 
leaving the carrier resting at the left margin 
position. 

LINE LOCK (NEW STYLE).— On the new 
style line lock mechanism, the keyboard lock 
interposer and its operation have been elimi- 
nated. It has been found that the operation of 
the bellringer bail can put enough sprinpj tension 
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on the keyboard lock bell crank to snap the 
bellcrank into the compensator ^ube at the ear- 
liest possible instant. The keyboard may still 
lock one space later after the carrier j eaches 
the right-hand margin because of the character 
storage feature. The drawing in figui^e 9-114 
sho'^vs that the line lock consists of. two pieces, 
the keyboard lock lever and the keyboard lock 
bellcrank, the bellringer bail operates the key- 
board lock lever down (as the carrier approaches 
the right-hand margin), causing the. keyboard 
lock bellcrank to be moved into the selector 
compensator tube by the tension of the spring 
between the lever and the bellcrank. 

Note in figure 9-114 that! the* bellcrank is 
one piece. The new style -h^lps to reduce lost 
motion bet\veen the line lock bracket and the 
bellringer bail. Because of this new style bell- 
ringer bellcrank, the entire margin rack must 
tip each time the carrier is returned through the 
right-hand margin. The rear extension of the 
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tellcriiiik must ride up and over the camming 
surface -on the line lock bracket, causing the 
margin rack to rotate too. The line lock bracket 
assembly has r.lso l:)een redesigned to simplify 
the margin reloase operation at the left margin. 
The mounting hole in the margin stop latch has 
been elongated. This allows the stop latch to 
float to the left under its restoring spring 
tension^ whenever the margin release is operated 
wliile tlie carriei is against the left-hand margin 
stop. This eliminp':es the necessity of holding 
the margin release ) Mitt on depressed until the 
carrier is moved to the left. 

BELL. —Consult figure 9-115. the bell ik 
located on the left side of the keyboard section 
and is rung by the Ijeli clapper attached to a 
bellcrank above the l^e'.l. The bell clapper bell- 
crank is operated by the action of the bellringer 
bail, located across the machine just in front 
of the margin rack. The bellringer bellcrank, 
pivoted on the right margin stop, is contacted 
by the line lock bracket attached to the front 
of the carrier. As- the carrier moves to the 
right, the ' bellcrank pivots, causing the bell- 
ringer bail to rotate foi*ward. A small lever 
at the- left end of the bail moves the bell clap- 
per into the active position. Further rotation 
of the bail causes the bail lever to slip off the 
tell clapper bellcrank, allowing it to restore. 
An arm of the bellcrank contacts the bell mounting 
s .d, causing the bellcrank to stop suddenly. 
The momentum of the bell clapper causes it to 
spring over and strike the bell one time. When 
the beUringer bail is allowed to restore, the bail 
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Figure 9-115. — Bellringer mechanism. 
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Icjver resets above the bell clapper bellcrank 
ready for the next operation. 

MARGIN RELEASE. The purpose of the mar- 
gin release mechanism is to allow typing on 
either margin of the paper without repositioning 
the margin stops. The margin release operates 
by rotating the margin rack so that the margin 
stops move upward out of the path of the line 
lock bracket on the carrier. The margin release 
keylever, figure 9-116 pivots at the left side of 
the keyboard, A stud at the rear of the keylever 
operates in a slot in the margin release lever. 
The margin release lever is attached to the margin 
rack. Depression of the keylever causes the mar- 
► gin release lever to be raised. This action rotates 
the margin rack, raising the rear of the margin 
stops. A lug on the left end of the margin rack 
remains in the path of the carrier to unlatch 
the carrier return if it is operated with the mar- 
gin release keylever depressed. An extension 
'spring from the keylever down to a lug on the 
keyboard sideframe restores, the mechanism and 
holds it in the rest position. 

PAPER FEED aND RELEASE 
MECHANISMS 

PAPER FEED. — The puri)ose of the paper 
feed mechanism is to control both the horizontal 
and the vertical positions of the paper in the 
machine and to feed the paper vertically. A 
study of the drawing in figure 9-117 will help~ 
you to remember that the paper feed operates 
by pressing the paper, tig^' ly against the platen 
so that it must move as the platen rotates. The 
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Figure 9-116. -~ Margin release mechanism, 
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Figure 9-117, — Paper feed mechanism. 

paper is held against the platen by a front and 
rear feed roll assembly, located beneath the 
platen. Each feed roll assembly contains tour 
rubber rollers equally spaced along the feed roll 
shaft and molded to the shaft. The front feed 
roll shaft rests in notches of the front feed roll 
arms. The front feed roll arms pivot on the feed 
roll actuating shaft. A heavy extension spring 
from each front feed roll arm to the carriage 
tie rod supplies the pressure of the front feed 
■ roll against the platen. Various holes in the 
feed roll arms provide a means of adjusting- 
the pressure. 

PAPER RELEASE.— Our drawing in figure 
9-118 Indicates that the pressure of the front* 
and rear feed rolls is released from the platen 
to allow the operator to position the paper more 
accurately and allow easier Insertion and re- 
moval . of ^he paper. The paper is released by 
pulling forward on the paper release lever, 
located at the right end of the carriage. The 
front of liii? paper release lever cams the top 
of the feed roll release arm forward to rotate 
the feed roll actuating shaft. Two feed roll re- 
lease levers are clamped to the feed roll actuat- 
ing shaft and rest behind a lug of each front feed 
roll arm. As the shaft rotates, the feed roil 
release levers rotate the front feed roll arms 
down, away from the platen. The rear feed roll 
arms ai*e, in turn, forced away from the platen 
by their connection to the front feed roll arms. 
When the paper release lever has been pulled 
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Figure 9-^118. — Paper release mechanism. 



all the way forward, the end of the feed roll 
release arm snaps over the point at the front 
of the paper release levei^ to hold-it in the re- 
lease position. 

FABRIC RIBBON 

The ribbon mechanism is divided into two 
separate and distinct mechanisms. They are 
the ribbon lift mechanism and the ribbon feed 
and reverse mechanism. The ribbon lift me- 
chanism raises the ribbon to the printing point 
l^efore the type" head prints and then lowers it 
to allow a visible writing line. The feed and 
reverse mechanism moves the ribbon laterally 
past the printing point to provide an unUsed portion 
for the next, typing operation. It also rev^erses 
the feeding direction when the end of the ribbon 
is reached. 

The ribbon is a 9/16-inch fabric ribbon in- 
closed in a disposable cartridge unit for clean 
handling. The cartridge unit contains two spools 
on which the ribbon ^ is wound. The ribbon is 
constantly fed from one spool to the other and 
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back again until the ink supply has been de- 
pleted. Replacing the ribbon is a clean, effort- 
less ppei^ation. Lpcated to the right of the pointer 
on the carrier assembly is the ribbon load 
lever. A drawing of the lift mechanism is shown 
in figure 9-119. When pushed to the right the 
load lever forces the ribbon lift guide into an 
extreme lift position for accessibility. The rib- 
bon load lever holds the ribbon lift 
guide in the high lift position. The 
cartridge can l:>e removed from the ribbon feed 
plate by simply lifting it off. The ribbon can then 
l)e easily removed from the guide without touch- 
ing the ribbon. 

Installing a new ribbon is just the reverse 
of the above. With the ribbon lift guide still in 
the extreme lift position, the ribbon can be 
inserted into the guide and the cartridge snapped 
into place all in one motion. Tapered lug3 on the 
sides of the ribbon feed ratchet cores auto- 
matically guide the* ribbon spools into the correct 
position. Guide lugs at each side of the feed 
plate maintain the laterarposition of the cartridge. 
Retainer springs attached to the guide lugs hold 
the cartridge down to prevent vibration. After 
the ribbon is installed, the load lever is moved 
back to the left to allow the ribbon lift guide to 
restore to its normal position ready for a typing 
operation. 
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Figure 9-119.— Ribbon lift mechanism. 



RIBBON LIFT. — Still referringto figure 9-119 
we see that'the ribbon lift mechanism consists 
of a cam, cam follower, control mechanism, and 
the ribbon lift guide assembly. The mechanism 
is mounted to the carrier assembly and is trans- 
ported by the carrier along with the type head. 
The ribbon lift' cam is a single-lobed cam set- 
screwed to the left end of the print sleeve. The 
cam has :I punchmark on the right side that must 
line up with .the print sleeve key-way to insure 
that the cam is not out of time with the print 
operation. If you replace the cam, make sure 
that you do not install it in a reversed position. 

The cam makes one complete revolution each 
time a cycle operation occurs. The ribbon lift 
cam follower pivots on the carrier casting above 
and to the rear of the cam. Each operation of the 
cam raises the cam follower. The cam follower 
contains a long slot. In the slot is the end of 
the ribbon lift control link. The ribbon lift 
giiide assembly rests directly above the con- 
trol link. As the cam follower is raised, the 
control link forces up on the ribbon lift guide 
assembly. The guide assembly pivots on the car- 
rier casting at the front, causing the ribbon to 
]ye raised at the rear. A flat link from, each side 
of the ribbon lift guide attaches to two pins at 
the front of the carrier to maintain the ribbon 
lift guide in a vertical position. 

The height to which the ribbon is raised is 
determined by the position of the ribbon lift 
control link in the slot of the cam follower. When 
the link is in the extreme rear of the slot, very 
little motion is obtained from the cam follower; 
consequently the ribbon lift guide is not raised at 
ail. This is called the stencil position. As the 
ribbon lift control link is moved toward the 
front in the slot, more and more motion is 
obtained from the cam follower. The link is 
also moved near the pivot point of the ribbon 
lift guide assembly so that the motion obtained 
from the follower is more effective \n raising 
the ribbon. The nearer to the front the link is 
moved, the higher the ribbon is raised. In ad-* 
dition to the stencil position there are three 
ribbon lift positions which may be selected by 
the operator. 

The ribbon lift control link is attached to 
the ribbon lift control lever pivoted under the 
front of the carrier castings The control lever is 
spring-loaded to the rear against a stud on the 
ribbon lift lever. The ribbon lift lever has a 
button located just to the left of the carrier 
pointer. Moving the button to the left causes the 
stud on the lever to force the ribbon lift control 
lever and link toward the front. The stud of the 
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ribbon lift lever seats into notches in the control 
lever to maintain its position until changed by 
the operator. The extreme right-hand position 
of the button is the stencil position, where no 
ribbon lift is available. The next position to the 
left is the low lift position used for typing 
on the top half of the ribbon. The third position 
allows typing in the middle of a single colored 
ribbon. The extreme left position of the button 
is the high lift position and is used for typing 
on the bottom half of the ribbon. The ribbon 
lift guide assembly is spring-loaded into the 
rest position to insure that it will restore 
rapidly. The spring loading also prevents over- 
throw of the ribbon due to the momentum of 
the lift mechanism. 

RIBBON FEED, —Themotion for a feed opera- 
tion is provided by a cam on the print sleeve 
called the ribbon feed and detent cafn, As the 
cam rotates during a print cycle,, it causes a 
cam follower called the ribbon feed lever to 
pivot in the countercloclavise direction about its 
mounting stud fig. 9-120, The ribbon feed lever 
is C-clipped to its mounting stud which is located 
on a heavy vertical support riveted to the under- 
side of the ribbon feed plate. An extension 
spring fastened to the feed lever and anchored 
to the support loads the lever in a clockwise 
direction, causing the lower lug to ride against 
the cam throughout a feed operation fig 9-120. 
The reason for the upper lug will be explained 
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in the reverse operation. As the ribbon feed 
lever is rotated in the counterclockwise direclion 
by the cam, its upper extension, which projects 
through a window in the feed and reversing 
plate, slides the plate toward the rear fig. 9-120. 
The feed and reverse plate is mounted on the top 
side of the ribbon feed plate in a mc.nner that 
permits it to slide back and forth with each re- 
volution of the cam, A shouldered rivet anchored 
to the feed plate passes through an elongated 
slot in the feed and reverse plate fig. 9-121. 
This rivet acts as a guide for the rear of the 
plate as it operates back and forth. The front of 
the plate is secured and guided by a recessed 
pin that is riveted to a part of the reversing 
mechanism called the ^'ratchet detent lever" 
fig. 9-121. The back and forth movement of the 
feed and reverse plate is transmitted to the 
ratchet teeth of a ribbon feed ratchet by a feed 
pawL This pav/1 is attached to the feed and re- 
verse plate by a shouldered rivet. An extension 
spring anchored to the vertical lug of the ribbon 
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Figure 9-120.— Ribbon feed lever beginning of ' Figure 9-121.— Ribbon feed and reverse plate 
feed operation). mounting* 
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feed lever loads the feed pawl into engagement 
with the ratchet teeth fig, 9-122, Each time the 
feed cam makes one revolution, the feed pawl will 
drive the ribbon feed ratchet approximately 2-1/2 
teeth. The timing of the cam causes the rib])on 
feed action to occur early in the print cycle. 
At the time the typehead prints, the ribbon has 
completed its feeding operation except for the 
restoring of the feed pawl. As the u/:.:^^ pawl 
restores to the front, it slides aloi ^ tlie *eeth 
into its rest position. The drag x,..^. pawl 
over the ratchet teeth tends to rotate the ribbon 
feed ratchet backwards, thus, unwinding the rib- 
bon. To prevent this from occurring a lug on 
the ratchet detent lever is spring-loaded into the 
ratchet teeth fig. 9-122, This lug acts as a 
check pawl. Since feed is not a smooth operation 
but occurs in a series of jerks, the ribbon 
spool that is acting as a supply spool would 
tend to over-spin or ^ 'spool off*' between feed 
operations unless a drag or braking action were 
placed unpon it. This necessary drag is provided 
by placing a leaf-type spring against the ratchet 
teeth of the ribbon feed ratchet. This leaf is 
an extension of the retainer/brake spring which 
also functions as a clamping device for the rib- 
iDon cartridge. Both retainer/brake springs are 
held in place on top of the ribbon feed plate 
by the same screws that mount the feed plate to 
the carrier fig. 9-122, 

RIBBON REVERSE, --The ribbon is fed from 
the i^upply spool onto the take-up spool until 
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the supply spool becomes empty fig. 9-123. At 
this time, the process must be reversed; that 
is, the '*empty** supply spool becomes the take- 
up spool and the *^full'* take-up spool becomes 
the supply spool. To achieve this reversing px'o- 
cess, it is merely necessary to shift the ribbon 
feed pawl to the ribbon feod ratchet that contains 
the empty spool. Since the feed pawl is riveted 
to the feed and reverse plate, the reversing 
operation is accomplished by shifting the front 
of the feed and reverse plate to either the left 
or right depending on which spool is em^ty 
figure 9-124. A small bellcrank mounted in the 
core of each ribbon feed ratchet acts as a 
sensing device to determine when the reversing 
operation is to take place. As long as there is 
ribbon wrapped around the core of the supply 
spool, the ribbon will hold this bellcrank called 
the reverse trigger in its inactive position. 
Once the last loop of ribbon is pulled off the 
supply spool core, a spring finger causes the re- 
verse trigger to pivot out of the core. This 
action causes the lower portion of the trigger 
to protrude below the bottom surface of the rib- 
bon feed ratchet fig. 9-125. The reverse trigger 
actually drops down and rides on the top surface 
of the ribbon feed plate. As the ribbon continues 
to feed, the almost empty spool rotates slightly 
further. This causes the lower 'extension of the 
reverse trigger to swing into the. path of a notch 
in the feed and reverse plate ' as the plate is 
operating back and forth duringthe feed operation. 
On the forward or restoring stroke of the plate, 
the reverse trigger restricts one side of the 
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Figure 9-122, — Feed pawl and ratchet checking. Figure 9-123.— Right hand ratchet driver. • 
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Figure 9-124. — Ribbon feed transferred to L. H. 

ratchet. 91.546 



plate from sliding forward fig. 9-126, The other 
side continues to slide forward, thereby causing 
a pivoting action to the entire plate about the 
point of restriction. This makes the front of the 
plate swing towards the opposite side, position- 
ing the feed pawl in line with the ratchet teeth 

l^ibbon Feed 
Ratchet Assembly 
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^''^e 9-l25» — Reverse trigger (activated). 
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Figure 9-126. — Reverse action. 



of the ribbon feed ratchet containing the empty 
ribbon spool. 

The next feed stroke, the feed pawl will 
engage the ratchet teeth of the empty spool, 
causing it to begin to take on ribbon. Thus, 
the reversing operation is accomplished. When 
you read tho explanation of ribbon feed, you 
found that is was necessary to restrict the ribbon 
feed ratchet from being dragged backwards by 
the feed pawl during the restoring portion of 
a feed cycle. This is accomplished by a ratchet 
detent lever that is spring loaded into engage- 
ment with the teeth of whichever ribbon feed 
ratchet is operating as the ''take up" spool. 
Since the reversing action makes the ''full" 
take up spool become the supply spool and the 
"empty" supply spool become the take up spool, 
it is necessary to disengage the ratchet detent 
lever from one feed ratchet and engage it with 
the other. This is done in step with the reversing 
operation. As the front of the feed and reverse 
plate swings, causing the feed pawl to engage with 
the opposite feed ratchet, it pivots the ratchet 
detent lever to the opposite spool. A stud riveted 
to the lever protrudes up through a slot in the 
feed and reversing plate linking the two together. 
A hairpin spring fastened to this stud and anchored 
to the feed plate provides a toggling action to 
both the feed and reverse plate and the ratchet 
detent lever. In addition, the hairpin spring 
keeps the ratchet detent lever constantly spring 
loaded against the teeth of the feeding rsLtchet. 
Assurance of a positive reverse operation is 
dependent entirely upoi: the ribbon feed lever 
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Figure 9-127. — Ribbon feed pawl (no feed 
position). 



following the ribbon feed cym back to rest. 
During a reverse operation, the extension spring 
which loads the lower lug of the ribbon feed 
lever against the feed cam might net be strong 
enough to keep it against the cam during the 
restoring portion of the feed cycle. If this 
should occur, the upper lug fig. 9-120 on the 
feed lever will come in contact with the cam 
causing the feed lever to be powered back to 
rest. Therefore, this upper lug assures that 
the reversing operation is a powered operation 
and not dependent upon the action of an extension 
spring. 
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Figure 9-128. — Stencil lockout. 



to the center of the "V" fig, 9-128. At this 
point, the ribbon lift lever will be in a detented 
position and the ratchet detent lever will be 
centered. With the ratchet detent lever in this 
position, the feed pawl will be guided between 
the ratchet spools. 
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STENCIL LOCKOUT.— Ribbon feed is inter- 
rupted during the stencil mode of operation. Thle 
is done by centering the feed pawl between the 
ratchet spools so it can move freely back and 
forth without engaging a ratchet tooth fig. 9-127. 
The feed pawl is caused to operate in this 
manner by the ribbon lift lever when it is in 
tho no lift or stencil position . Two lugs on the 
libbon lift lever form a "V-^ which trap a lug 
on the ratchet- detent lever fig. 9-128. As the 
ribbon lift lev ^r is placed in the stencil po- 
sition, one or the other of the, lugs, depending 
upon which spool is being driven^ wfll contact 
the Ivr. on the atchet detent lever and cam it 
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An IBM Selectric should be blown out with 
air pressure not to exceed 40 psi, 15 psi is an 
ideal presciure to use to remove loose eraser 
particles, dust, dirt, and paper fragments. 

When an IBM Selectric is gummy, with dried 
caked on dirt, or has had some foreign sub- 
stance (coffee, coke, or the like) spilled in it 
and has to be cleaned further, disassemble; 
removing all rubber parts and electrical com- 
ponents. Then clean as you would any other 
electric typewriter, using either agitator, dip 
or ultrasonic cleaner. When a solvent is to be' 



Chapter 9-ELECTRIC TYPEWRITERS 



used, first clean machine with an industrial 
speed soap, using Varsol dip. as a drying agent. 
After cleaning, lubricate machine, removing all 
excessive lubricant. Light instrument oil can be 
used to lubricate, using a pickup nozzle and air 



gun to spray oil through machine. Blow all ex- 
cess oil off of parts. On tearing surfaces use 
light grease, sparingly. Special lubricants, for 
each section of the machine, are available from 
IBM Corporation. 
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CHAPTER 10 

CALCULATORS 



You hear a lot about computers these days - 
computers in industry, in space vehicles, and 
in ships. The computers that contribute so 
much to modern technology share many char- 
acteristics with the adding machine and cal- 
culator. In this chapter you will learn how the 
mechanical calculator works, and how to per- 
forni maintenance on this typs of machine. 

There are two basic types of mechanical 
calculators; the printing calculator and the dial 
calculator. The printing calculator is axelatively 
new design which : is a refinement of the me- 
chanical system:'^ used in the dial calcualtor. 
The dial calculator offers several advantages 
for the type of work it is used for in the Navy. 
Its principal advantage is that it can handle 
mvich larger figures ti^an most printing cal- 
culators can. The dial calculator * shows the 
answer to a problem on a set of dials on the 
calculator carriage. As you can see in figure 
10-1, eleven digits can be displayed on the up- 
per dial, and twenty on the middle dial. Most 
dial calculators are similar to the one shown. 
Numerical data is entered on the keyboard, 
and is transferred to one of the two sets of 
dials by means of levers and gears. In solving 
a problem, the machine adds or subtracts from 
the total shown on the dials. 

Printing calculators differ from dial cal- 
culators in that keyboard entries are transferred 
to a typing mechanism which prints the entries 
to show not only the solution to a problem, 
but also records the steps followed to obtain 
the answer. 

As an IMl or IMC, you are expected to be 
able to test a calculator and to adjust and re- 
pair it to correct common malfunctions. This 
chapter describes the various mechanisms of 
the Marchant Figuremaster Calculator whose 
operating principles are typical of a number of 
other dial calculators. When you have learned 
the material in this chapter, you will be able 
to x>erform routine maintenance on the Marchant 



calculator, and to analyze and correct mal- 
functions in this machine. With this knowledge, 
you will be able to maintain and repair similar 
machines with the aid of the appropriate manu- 
facturer's technical'manuals. 



THE MARCHANT CALCULATOR 

The Marchant Figuremaster Calculator, Model 
CMF, shown in figure 10-1 is a dial calculator. 
Notice the arrangement of keys and function con- 
trols shown in the figure. This calculator is a 
complex machine, and the material here will 
not cover all of its mechanisms, but will de- 
scribe most of the systems for transferring 
numerical data and performing the basic cal- 
culations. This and other calculators have as- 
sociated manufacturer's manuals which would 
be available for your use if you are maintaining 
or repairing the machines. If you are maintain- 
ing calculators, it is a good practice to limit 
your disassembly, adjustments, and repairs to 
the (Extent necessary to return the calculator 
to good working order. 

COVER PLATES 

The cover plates, which are shown in figure 
10*2, are of the interlocking type. They protect 
the operator and the machine as well as give the 
machine a better appearance. The cover plates 
must be removed in a fixed sequence, starting 
with the carriage cover and ending with the 
keyboard dial cover. 

Removing Cover Plates 

I Carriage Cover Plate: Shift the carriage to 
the extreme right position and remove the cord 
from the machine. Reach under the left and right 
rear corners of the carriage and you will find 
two toggle assemblies. Pull the toggles toward 
the front of the machine, raise the back of the 
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4. CARRIAGE RETURN KEY 

5. CARRIAGE SHIFT KEYS 

6. AUTOMATIC MULTIPLIER KEYS 

7. NEGATIVE MULTIPLICATION 

on<f REPEAT KEYS 

8. DIVISION CLEAR RETURN KEY 

Normo) pos>t)c' is ioword operaiof. 
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DIVISION KEYS " 
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20 OWANGE QUICK SET DECIMALS 
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22. LEFT MIDDLE DJAL LOCK , 

Normal posilion up. Move down to 
lock Middle Dio(s 10 through 20. 

23. SUBTRACT BAR 

24. ADD BAR 



Figure 10-1. — Marchant figuremaster calculator (Model CMF). 
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Figure 10-2, — Cover plates. 
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Figure iO-3, — Numeral key section. 
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cover, and slide it toward the front of the mjxchlne. 
It can now I^e lifted off. Do not use l^^rce on any 
of the covers. If you have released them correctly 
they will come off easily. 

Back Cover Plate: Plug the cord back into 
che machine, and using power, shift the carriage 
to the extreme left position. After removing the 
cord, reach under the back cover plate and pull 
the locking bar, shown in figure 10-2B, upward 
until it disengages from the 'cover plate. The 
cover can then be lifted off, 

Bottom Cover Plate: Again plug in the cord. 
Shift the carriage to its center position, and 
remove the cord. Remove the keyboard cover 
toggles on the right and left sides {one of these 
is shown in figure 10-2A), Pull the entire ma- 
chine toward the front of the bottom cover, grasp 
the carriage at both ends and lift the machine 
off the bottom cover. 

Keyboard Cover* Plate: Pull the keyboard 
cover toward the front of the machine and lift 
it off. 

Carriage Indicator Cover Plate: Lift the 
right rear end of the carriage indicator cover 
plate up, and slide it to the right. Lift the left 
end of the plate off the tSall, Be careful be- 
cause the indicator is mad:^ of light material 
and is easily malformed. 

Carriage Face Plate: Loosen the 1/4-inch 
hex nuts on the upper left and right studs, Whei 
triese are loose, the plate is lifted off. 

Keyboard Dial Cover Plate: This plate is 
held by screws located at each end. Remove these 
screws and take off the plate. 



Installing the Plates 

Install plates in the reverse of the removal 
sequence. Be sure the plates are iii position, 
are snug, and do not bind any of the moving parv:s 
of the machine, 

NUMERAL KEYS 

The numeral keys are used to enter, numbers 
into the machine. They are arranged on a key- 
aboard which has a monetary, or dollars and cents, 
format in which the key tops are colored to 
help the operator distinguish between cents, 
dollars, and thousands. The columns of keys are 
interchangeable, so the color coding ol the 
board can be rearranged. If, for instance, the 
machine is to be used for engineering or statisti- 
cal computations, the third and sixth (from the 
right) key sections can be exchanged. Each column 
is an assembly, and can be remo\ed separately. 

Figure 10-3 shows a numeral Key section, 
and figure 10-4 gives a more detailed view of 
how the keys function to enter a number into the 
machine. When a key is depressed, a camming 
surface on the rear of the keystem moves the 
locking bar to the rear of the machine re- 
leasing any other key in the . column which is 
depressed. When the key has traveled to the 
fully depressed position, the lock bar sprin^T; 
returns the lock bar to a positiou ^vhere it holds 
down the key by^ catching the camming lug of 
the keystem. 



273 



4^' 



INSTIL UMENTMAN 1 & C 



KcYBOARD DIAL 




91.610 

Figure 10-4. -"Selection assembly. 



Depressed keys are released when the lock- 
bar moves to the rear. On a restore cycle, -re- 
lease is achieved by the lockbar control lever 
which cams the lockbars to thf rear. The keys 
then rise through the efforts of the keystem 
springs . The operator can raise the keys by 
pressing the keyboard clear key which operates 
the lockbar control levers through bail. 

Automatic restoring of the iiumeral keys 
is prevented by depressing the keyboard lock 
key. When this key is depressed, it immobilizes 
the lockbar control lever b;^, connecting with a 
notch on the lever. To free the lockbar control 
lever the unlock key must be depressed. As 
keys are restored the bumper strip limits their 
upward motion and absorbs the shock of stop- 
ping them. If this strip is broken, a key may 
pop out of the board. 

The number key depressed v ill dictate the 
distance the selection bar will travel. In turn, 
the distance the selection bar movr'S determines 
how much the selection segment, seen in figure 
10-4, will rotate. The slots in the selection bar 
are spaced so that each higher numbered key 
moves the bar about 1/32 of an inch farther 
than the preceding key would. The figure shows 
the 8-key depressed, and you can: see that the 



selection segment has rotated counterclockwise, 
driving the keyboard, or lower, dial indicator 
to indicate 8, and has also applied this rotation 
to the selection cam thiTough the lower sector 
gear. The selection cam has a pawl mechanism 
which gives it a definite position corresponding 
to the number selected. If this pawl does not 
properly engage the selection cam, the cam 
may oscillate slightly. This effect, called flicker- 
ing, will appear as a vibration of the keyboard 
dial. There are two forms of flicker: a sharp 
fast flicker caused by an adjustment problem 
and a slow, rolling movement caused by worn 
parts. You can correct slow flicker only by 
replacing the worn parts. 

To correct flicker resulting from maladjust- 
ment, you must first deterir^ine where the adjust- 
ment must be corrected.: If the flicker occurs 
only at one or more of the zero positions, the 
affected zeros are aligned by bending the ear 
on the associated keyboard stop dial comb. 
This ear engages a lug on the corresponding 
keyboard dial when all number keys for the 
dial have been released. If the flicker occurs 
when only one number is registered, the align- 
n^^nt of that number can be corrected by bending 
the individual keystem. If flicker occurs when 
any number in a key assembly is depressed, you 
can align the assembly after Icosening binding 
screws located at each end of the 'cey section. 
To check flicker depress the suspected number 
key or keys and hold down the #1 multiply key; 
flicker will be most pronounced under this con- 
dition. 

MOTOR UNIT 

The i.iOtor unit consists of a motor, governor, 
starting switch, and starting circuit resistor and 
capacitor. (See fig. 10-5). 

The motor supplies the power to (operate the 
machine. It is of the universal type operated 
by either direct or alternating current of the 
voltage specified on the nameplate attached to 
the motor nousing. The motor is mounted on 
the lower main frame in the rear center portion 
o/ the machine. It operates intermittent]'', rotating 
only ^hen one of the control keys is depressed. 
Normally the only maintenance required for the 
motor is inspection and cleaning. Occasionally 
brushes must be replaced. Motor brushes should 
be free in their holders. The face of the brush 
should be smooth and shiny. A dull* or pitted 
surface indicates a sticking brush or insof- 
ficient spring pressure on the brush. 

The speed of the motor is controlled by the 
governor. The governor is of the centrifugal 
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Figure 10-5. — Motor unit. 



type, locked to the end of the motor shaft with 
a setscrew, and rotating with the motor shaft. 
As the speed of the motor increases to a speci- 
fied rate the governor acts to push a bail out 
from the end of the shaft which causes the 
governor points to open. The points are mounted 
on the end pL-ite of the motor and do not rotate . 
An adjustable spring holds the points together, 
and permits the motor speed at v^' tch the points 
open to be adjusted, -fhe movable contact permits 
the ^a.p betweer^ the governor ball and point 
actuating arm to be set at the £,pecified 1/64- 
inch distance, with the motpr stopped. When 
the motor is stopped or not up-to-speeu the 
points are closed, permitting the full current 
to. go to the motor. When the points open, the 
motor receives reduced current through the re- 
sistor. 

The starting switch, shown in figure 10-6, 
consists of a set of points mounteu between fiber 
spacers. In the open position the gap between 
these points should be from .020 inch to .030 
inch. You adjust the gap by loosening the ad- 
justing screw and positioning the fiber arm 
(point C in figure 10-8) which holds the points 
open. 



Removal and Installation of 
Motor Unit 

To get the motor unit (fig. 10-7) out of the 
machine, it is necessary to first remove a 
cross brace which spans the bottom of the 
machine, the motor drive bearing plate, and 
several screws which connect the motor sup- 
port frame to other components of the machine, 
The procedure -is started with the machine 
V :de down on the bench, with the rear of the 
machine towards you. Figure 10-7 A shows the 
cross brace which you r^^move first. Take out 
the screws at ecich end of the brace (1, 2, 3, 
and 4) and disconnect the springs from points 
5 and 6. Lift off the brace. 

One end of a spring is attache^d at point 6 
of the motor support irame shown in figure 
10-7B the oLier end of this spring must be 
detached from the setting line shai't. The spring 
remains attached to^'the irame. 

Remove the two screws holding the motor 
drive bearing plate (shown in figure 10-7D) 
to the side support frame .When the plate is free, 
it is slid off the shaft to the right. 
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Figure 10-6. — Starting switch. 



A bracket for the fshift shaft is attache^ to 
the motor support frame by three screws which 
now are removed. 

The motor support frame can now be released 
from the side support i'rame after you release the 
screws located at positions 1 through 5 in figure 
10~7B, In taking out these screws be careful 
not to lose the square nuts on the other side of 
the motor support frame. 

To remove the motor iinit and motor support 
frame, take the motor shaft pin retainer from the 
motor drive shaft (fig. 10-7C). Remove the drive 
ihaft pin, and the drive shaft can be disengaged 
as you work the motor iinit out of the machine 
toward ^he left side. 

To replace the motor unit, reverse the above 
steps. 

DRIVE ASSEMBLY 

The drive assembly, figure 10-8, consists 
of the drive shaft and gears. The drive shaft is 
connected to the motor shaft with a pii:. joid 
retaining wire. Note that in figure 10-8A the 
gear train is folded out to give a better view 
of the parts. The slot at the end of the driv^ 
shaft connects with a handcrank by which thi 
machine can be manually driven through cle ir- 
ing and add operations. 

Provision is made in the design of the gear 
train to adjust clutch tension, drive shaft bear- 
ing alignment, and the mesh of the compound 
drive idler gear. The need to correct the tension 
^ of the clutch is indicated either by a tendency 
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Figure 10-7. — Motor mounting. 



of the motor to stall when there is a lockup 
in the gear train, or for the clutch to slip 
during normal operation. You make the adjust-- 
ment by unlocking the two nuts on the drive 
shaft and either increasing or decreasing the 
spring tension by turning the adjui:*ting nut to- 
ward or away from the clutch assembly. When 
the tension is satisfactory, tighten the jam nut. 
If adjusted correctly, the clutch will produce 
a rf^sping sound when there is an overload on 
the machine. This sound should warn the op- 
erator to stop the machine. 

The bearing on the opposite end of the drive 
shaft from the motor is a self-aligning bearing. 
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Figure 10-8. — Drive unit. SI. 608 



If you doubt that the shaft is aligned, loosen 
the two scre ys holding the bearing assembly 
to the frame, and start the motor. While the 
motor is running tighten the screws by slightly 
turning first one and then the other until they 
are tight. The bearing will now be centered. 

The pinion gear on the drive shaft meshes 
with a fiber idler gear, called the compoiind 
drive idler gear ( 10 in figures 10-8A and D). 
The compound idler gear shaft is mounted on an 
adjusting lever or plate, which has some freedom 
of movement. The adjusting lever position is 
regulated by an eccentric nut, which can be seen 
in the lower right of figure 10-8B. If the gears 
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are noisy or show othor evidence of improper 
mesh, loosen the lock screw on the eccentric 
nuti and with the motor runnings turn the nut 
until the quietest operating position is obtained,, 
and then tighten the lock screw. 

CARRIAuE 

The carriage consists of two separate sections: 
the product, or lower, carriage and the counter, 
or upper, carriage. Gears in the lower carriage 
engage with gears in the actuator unit during the 
machine calculating operations. The calculaiing 
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operations accumulate the product of multipli- 
cation, the sum of addition, or the difference of 
subtraction J and display this informaition on the 
carriage dials (called the middle dials). The 
upper carriage registers the number of machine 
cycles on the upper dials, In multiplication the 
upper carriage displays the multiplier, and in 
division it displays the quotient. 

Carriage Operation 

The machine uses three operations or 
* 'cycles" to transmit data from the keytoard 
to the carriage. These are called the setting 
cycle, the main cycle, and the restore cycle. 

In the setting cycle the carriage is pulled 
down to its dip position, where ,the s Section 
idler gear of the carriage meshes with the pivot 
gears of the actuator. This position is shown 
in figui^e 10-9. 




DIP CONTROL CAM 
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Figure 10-9. —Carriage positioning. 
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In the main cycle the number that has been set 
up on the keyboard is entered into the carriage 
through the cam. links, and levers that were 
positioned during the setting cycle. 

In the restore cycle the carriage is raised, 
and the components of the actuator are restored 
to their r^ady positions so the next entry can 
be made. 

Figui'e 10-9 shows the mechanism used to 
dip the carriage. Two of these mechanisms, one 
located on each end of the machine, must be 
adjusted so that the carriage is pulled down 
evenly. If they are not even the machine will 
produce a growling sound when the carriage 
is dipped. As the dip control cams turn, they 
rock the dip control follower cams on their 
pivots . The followers are connected to links 
which pull down the carriage and'-hold it down 
during the setting and main cycles. Eccentric 
adjusting screws between the cam followers 
and links permit the distance the carriage is 
pulled down to jye adjusted. 

When the carriage has Ijeen dipped the selector 
idler pawls are disengaged and the selector idler 
gears are free to be turned by the pivot gears. 
Figure 10-10 shows V: middle dial (lower 
dials of the carriage) mechanism, out of en- 
gagement with the pivot gear. The pivot gear 
turns the selection idler gear which is in mesh 
with the main drive gear on the dial shaft. As 
the main drive gear turns it carries the planetary 
gears around the sun gear. When thO sun gear 
does not turn, the planetary gears will carry 
the dial around by meshing with the ring gear 
inside the "dial. You will notice that each diai 
has a pinion gear to the left side oL its hub. This 
pinion meshes with the spool gear on the rock- 
ing idler £irm. The rocking idler assembly 
stores the movement of the dial pinion until it 
has completed one revolution. When the carriage 
is in the dip, as the pinion on a dial turns it 
turns the spool gear, whi'Jh turns the ring gear 
attached to the planetary gear assembly. This 
ring gear is connected to the sun gear, and the 
gear train from one dial to the next has a ratio 
of 10 to 1. While the carriage is dipped a partial 
caVry will appear in the left dial, but as the 
carriage rises the transfer roller lev^r ridin-g 
on the dial cam of the right dial turns the rock- 
ing idler operating segment . to remove the partial 
carry. This will occur until the right dial has 
turned to its "0** position, when the roller will 
ride up on the highest part of the dial cam, and 
al' v the carry to remain in the left dial. 
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Figure 10-10. 

MIDDLE DIAL CT VARING. — The purpose of 
the middle dial clear key is to activate the me- 
chanism that restores all the dials to their zero 
positions. When the clear key is depressed, its 
linkage releases the clutch doji from the clear 
clutch and starts the motor, as illustrated in 
figure 10-11. The clear clutch drives the middle 
dial clear linkage which rocks the product clear 
arm. The clear arm is keyed to t!: " clear shaft, 
so the effect of the clear clutch is to partially 
rotate the clear shaft. Mounted on the clear shaft 
are clear lever and hub assemblies for each dial, 
A detail of one of these assemblies is shown in 
figure 10-12, The purpose of the spring-loaded 
hub between the shaft and lever is to absorb 
shock and prevent strain and breakagv^ in case 
of a lock up . 

The clear levers ase a cam action to dis- 
engage the selector idle^r pawls from the selection 
idler gears, leaving these gears free to turn. As 
the idler pawl rises it also contacts the rocking 
idler operating segment and rotates the segment. 
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Dial assembly. 



The segment turns the ring gear and dial. The 
mechanism shown in figure 10-13 catches and 
holds the zero stop luce onthedialwhen.it reaches 
the zero position, Wl'^en the clear lever restores 
to its normal position, spring tension disengages 
the zero stop mechanism from the zero stop 
lug. Failure of a dial to stop smartly at zero 
during the clear operation indicates a mal- 
function, such a broken or sticking part of 
a displaced spring in the zero stop mechanism. 

UPPER DIAL MOTIVATION, — The upper dials 
record the number of cycles used by the machine 
to perform a calculation. If the machine were 
dividing three into nine, the upper dial would 
count the number of times that three is subtracted 
from nine to bring the middle dial to zero. These 
dials are operated by an assembly composed of 
one counter finger and seven transfer fingers. 
As the carriage shifts, the dial in line v/V". the 
#1 key section will be operated by the uc^-' ter 
finger. The fingers tui'n the dials in eiv.^'.r a 
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Figure 10-12.— Dial clearing. 
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Figure 10-13. — Zero stop. 
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Figxire 10-14. — Counter fingers and gears, 91»601 



positive or negative direction depending on the 
function selected on the machine. The operating 
fingers and the gears that move the^iais are 
shown in figures 10-M and 10-«15^iSfe the top 
view, figure 10-14, you can see tifwV of the 
counter finger which will enter the dial gear 



and rotate it one tooth at a time. The roller on 
the counter finger assembly will strike the block- 
ing cam and prevent tip B from engaging the gear 
for the next digit. Figure 10-15 is a side view, 
and here you can see that the tenth time the dial 
gear has }:>een moved the opening in the blocking 
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Figure 10-15. — Upper dial gear train. 
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Figure 10-16. — Upper dial clear link. 



cam will permit the other side of the finger to 
advance the adjacent dial. 



UPPER DIAL CLEARING. — Th( upper dial 
clear key serves to engage the clear clutch which 
rotates the clear clutch cam. The cam operates 
the linkage shown in figure 10^16, which turns 
the clear shaft (E). Tne clear shaft carries a 
clearing mechanism for each dial. One of these 
counter dial clearing mechanisms is shown ' in 
figure 10-17. When the clear shaft (E) turns, 
the clear lever arm (A) is forced down against 
the dial clear cam (B). The pressure of the lever 
arm roller against the cam causes the dial to 
rotate until the roller drops into the notch, holding 




CLEAR CAM NOTCH 



Figure 10-17, —Counter dial clearing. 91.604 



the dial at the zero position.. The position of the 
cam determines direction of rotation. At the end 
of the c.'.ear cycle,.- the lever and the rest of the 
mechanism i'eturn to their normal positions, 
leaving a].l upper dials reading zero. 

Remova- of the Carriage 

Repairing malfunctions -and making adjust- 
ments in the upper and middle dial units may 
require removal of the carriage to gain access 
to the mechanism. The first step in removing the 
carriage is to take the wire clip off the left e1nd 
of the upper carriage rod. Th^s permits you to 
remove the carriage rod spacer and pull the 
carriage rod out. You draw the rod out to the' 
right, taking care to catch the long sleeve as it 
is released by the rod, to prevent its falling 
into the machine. Move the cam and spacer to 
the right side of the rod, and leave them on the 
rod.. On the left end of the lower support rod, 
remove the wire keeper, and slip off pne long 
spacer and one short spacer. Take off the lower 
support rod lever and the small spacer located 
behind it. Now take the lower screw out of the 
carriage support bracket on the right side of the 
carriage, and swing the bracket up out of the way. 
Disengage the product clear arm from the support 
rod lever, and pull the lower carriage rod out of the 
carriage to the right. Take care not to lose 
the spring on the center of this rod. With the 
rod clear, the carriage can be removed by lift~ 
ing its rear part up and toward the front of the 
'machine. 

Carriage Disassembly 

The carriage can be split to gain access to 
the middle dials. After placing the carriage on 
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a bench, remove, the two screws from the right- 
hand side of the front shaft retainer and take off 
the retainer. Loosen the two screws that hold the 
rear shaft retainer on the right side, slide up 
the retainer until the holes for the shaft are ex- 
. posed, and pull the center, shaft out to the right. 
A lock shaft and comb are located ):)etween the 
upper and middle dials, with the shaft directly 
over the comb. Remove both of these components. 
Unhook the carriage lift springs from the studs 
at each end of the carriage and open the carriage 
like a book. 

Carriage Adjustments 

The right and left carriccge dip mechanisms 
are adjusted to obtain the correct mesh Ijetween 
the selection idler gears and the pivot gears. The 
relation of these parts is shown in figure 10-9. 
The depth of mesh between these gears must be 
kept even across the cpi'riage. If the mesh is too 
deep; they wiH make a growling noise. If only the 
tips of the gears are meshed the dials may not 
function properly. The adjustment is made on the 
eccentrics between the carriage positioning links 
and the carriage positioning levers. These a^e 
adjusted so the carriage is dipped evenly and locks 
just above the point where the geaj*s can be heard 
to growl. 

Middle Dial Timing 

Timing, or alignment, of an assembly for one 
of the middle dials may occasionally be necessary. 
This timing is done with the assembly removed 
from the machine and mounted on a shaft so a 
timing wire can be inserted thi-ough holes in 
the dial cams, drive gear assembly, ring gears, 
and rocking idler arms. These components are 
shown in figure 10-10, and if you look carefully 
you can see the timing holes. Notice that the* ring 
gear has four holes; when any of these four are 
lined up with the timing holes in the other three 
components, the assembly is aligned. 

To remove "an assembly the carria^ must be 
opened and the dial assembly shaft must be drawn 
out until the faulty dial assembly is released. To 
avoid releasing other dial assemblies during this 
operation, insert the lock shaft from the carriage, 
which h9LS the right diameter, through one end of 
the dial assemblies and withdraw the dial shaft 
from the other end. When the faulty dial is located 
where the' two shafts butt, they are separated 
enough to release the assembly. 



When the assembly to be timed is o.ut of the 
carriage, it is mounted on a shaft so the com- 
ponents tiurn in proper relation to each other. A 
wire or thin shaft, such as the long thin shaft 
that locks the comb, is needed to go through the 
timing holes in the components. The. timing holes 
am aligned as the wire is thrust through them. 
The aligned assembly is then gripped with a 
special pair of pliers (Mai^chant dial pliers) 
and the timing wire can be withdrawn. Now you 
can slide the assembly off the shaft you used as 
a mounting, and can replace the assembly in the 
carriage. To replace it, pull the rocker idler 
operating segment forward, and as the assembly 
is placed in position, be sure the top tooth of the 
operating segment'" is over the top tooth of the 
rocking idler in the dial assembly. Push the dial 
shaft back into position, and inspect the dial 
assemblies to see that they are in time. All the 
zeros should line up, and the lugs on the ring 
gears should also be in line. If an assembly is 
not in time, remove it and align it again. 

Middle Dial Clear Mechanism Adjustment 

The principal adjustment is of the amount of 
throw of the middle dial clear link, shown in 
figure 10-11. If this throw is too short, the dials 
will not return to zero. If the throw is too long, 
the dials will return to zero before the ^nd of 
the clear cycle, causing unnecessary strain on 
the 'zero stops and lugs. 

The throw of the clear link is adjusted at the 
eccentric,, which you can see at the upper right 
part of figure 10-11. This eccentric is adjusted, 
when the handcrank is operated, until all the dials 
clear smartly to the zero position, neither stop- 
ping short nor running over. 

When all the middle dials are set at 1, they 
should, clear to zero at the same time. If this is 
not the case, make the inaividual dial clearing 
adjustment by formmfj^^the tall of the selection 
idler pawl. If a dial clears before the rest, form 
the tail out (away from the carriage). If it clears 
p'^ter the rest, form the tail in. ^ 

Adjustment of the Upper Dial 
Clearing Mechanism 

The overall adjustment of the upper dials is 
made by changing the position of the upper dial 
clear link eccentric (fig. 10-16). When the upper 
dials are cleared with the handcrank, the rollers 
should enter the notch in the clear cams of the 
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Fignare 10-18. — Selective carriage return. 
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dials, but should not bottom. There is no in- 
dividual adjustment of the clearing mechanisms 
for the upper dials. 

Reassembly of the Carriage 

Close the carriage. Replace the product clear 
arms, making sure their points are up. Put the 
carriage lift springs back on the studs. Move the 
rear shaft retainer so the access holes are open, 
and insert the center shaft. Slide the shaft re- 
tainer down so it blocks the holes, and tighten the 
screws. Insert the lock shaft and comb, making 
sure the large notch on the comb goes to the left 
and to the rear. Be sure the lock shaft is on top 
of the comb and not in front of it; if the comb is in 
the proper position, the shaft will slip in easily. 
The 'shaft should never \ye forced. Now replace 
the front shaft retainer on the right end of the 
carriage and the carriage is ready to put back 
on the machine. To replace the carriage reverse 
the* procedures used to remove it. 

SELECTIVE CARRIAGE RETURN 

Depression of the carriag'e return key opens 
the carriage return clutch. The linkage between 
the carriage return key and the carriage return 
clutch is almost identical with the linkage of the 
middle dial clear key. 

The cam follower (clear) and the cam follower 
(return), figure 10-18, are assembled together on 
the clear clutch dog shaft. They transmit motion 
from the carriage return cam to the tab starting 
link, which extends forward in a position to engage 
the tab latch link. 



Carriage Shift Initiation 



Depression of the carriage return key causes 
the carriage return clutch to engage. As the 
clutch revolves., it cams the tab starting link 
to the rear, which rocks the tab latch link clock- 
wise. The link rocks the tab toggle latch counter- 
clockwise to release the tabulator toggle. This 
action releases the tab starting lever and initiates 
a carriage shift. 

Carriage Shift Disabling 

When the carriage return key is depressed and 
the carriage is at. a tab key position, it is re- 
tained i.n this position by an immediate shift 
termination. This immediate shift term?.nation 
also prevents the carriage shifting out of position 
if the operator depresses the carriage return key 
twice. 

In figure 10-19 when the carriage return clutch 
revolves, the cam followers rock counterclock- 
wise and lift the disabling linlv. The upward move- 
ment of the linl; lifts nose C of the- stop key dis- 
abling link and lowers nose B, When the carriage 
is at a tab set position, nose B contacts tip A of 
the stop key. As the disabling link continues to 
rise, the shift terminating bail is rocked clock- 
wise about its shaft. The ear on the lower end 
of the bail operates in a fork in the upper end of 
the shift terminating bellcrank, rocking it in 
counterclockwise direction. The bellcrank and its 
link pull the forward end of the tab starting link, 
down below the ear of the tab latch link, pre- 
venting a carriage shift out of the tab position. 
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Figure 10-19. — Carriage shift disabling. 

Carriage Shift Termination 

If the carriage return clutch, figure 10-19, 
operates when the positioning stop key at a 
particular point is retracted, nose B of the stop 
key disabling link, rocks down because it is no 
longer blocked; consequently, no clockwise motion 
can. be imparted to the shift terminating bail. 
Since the carriage shift is not terminated, the 
carriage shifts to the depressed positioning stop 
key. In figure 10-20, the positioning stop key is 
shown depressed and latched by the lock bail. 
The bail is rotated countercloclcwise about the 
shift rack shaft and held againsc the key by the 
tension of the lock bail spring. 

As the carriage nears a latched positioning 
stop key, figure 10-21, . the t\p A on the key con- 
tacts camming surface B on the positioning live 
tip, right. Because the rotation of the live tips 
is' prevented by ears C and D, the shift ter- 
mina j^ing bail, figure 10-21 B, is rocked clock- 
wise. 

If the shift is again started after having 
been stopped as previously described, the po- 
sition stop key contacts surface E of the live 



tip, (left), figure 10-21 B. This action rocks the 
live* tip against its spring, causing it to yield 
and permit the position stop key to pass under 
the live tip. The shift continues until another 
latched stop key, or the end position is reached. 



Loci* Boil Spring Shift Terminollng Bail 
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Figure 10-20. —Carriage shift termination. 
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Figure 10-21, —Carriage position. 
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End Position Termination 

In the end position, the carriage is stopped 
Ly the ears • at either end of the shift rack, 
figure 10-20. The ear contacts surface F or G, 
figure 10-21 B, The contact causes the shift 
terminating bail, figure 10-21 A, to rock clock- 
wise and terminate the shift, 

ADD BAR 

The depression of the add bar. rocks the add 
operating latch, figure 10-22, clockwise, raising 
ear A of the latch from the path of the add operat- 
ing lever. Raising this ear allows the add operat- 
ing assembly to rock clockwise, which moves 
the add operating bar down and to the rear of the 



machine. The operating bar contacts the operat- 
ing bar link, disengaging the release dog from 
the setting clutch, allowing the clutch to operate. 
The operating bar link is then cammed off the 
release dog, allowing the dog to stop the clutch 
at the half-cycle position. The setting clutch 
dips the carriage to mesh the pivot and sector 
idler gears, and engages the main clutch. Op- 
eration of the main clutch adds the keyboard dial 
setting to the middle dials on the carriage. 

Keyboard Release 

Depression of the add bar lowers the rear end 
of the keyboard clear operating bar, figure 10-23, 
positioning ear B in front of the keyboard clear 
lever. As the setting shaft rotates, the keyboard 
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Figure 10-22.— Add bar 



clear shaft assemblj' is rocked counterclockwise 
by the ma?.n clutch starting arm and the clear 
link. The keyboard clear lever moves the key- 
board clear operating bar forward, rocking the 
AUTO KB (keyboard) clear . lever clockwise/ 
Tip C contacts the eccentric stud and rocks the 
xAUTO KB clear lever link clockwise. Rocking 
chis link moves the lock bail link to the rear, 
causing the selection factor lock bail to rock 
clockwise. The bail contacts nose D of the lock 
bar control lever, rocking them counterclock- 
wise. These levers raise the camming surface 
X to contact ear E and cam the lockbars to the 
rear. This action releases any previously latched 
keys (except those that are latched by the key- 
board clear key). 

Relatching of Operating Lever 

The keyboard clear shaft tssembly moves the 
pov/er add restore link, figure 10-24» to the rear.' 
This link rocks the add operating lever assembly 
counterclockwise and r elate hes it. If the add bar 
is held depressed, spring tension moves ear P 
on the add operating lever latch, figure 10-25, 
into the path of the add reverse lock. The latch 
position prevents the add operating lever as- 
sembly from returning to the rear. When the 
add bar is released, the add operating latch rises 
and engages ear M of the lever latch, rocking 
ear P away from the add reverse lock. This action 
occurs only after ear F of the add operating 
latch has dropped into a position to block* the add 
operating lever assembly. 

The carriage will automatically shift whenever 
it cycles through a dip. To prevent a shift from 



occurring during addition and subtraction the add 
operating lever disconnects the automatic shift 
feature. The automatic shift mechanism will be 
discussed later in this chapter. 

SUBTRACT BAR 

Subtraction and addition are similar operations 
in the Marchant Model CMF.^When the subtract 
key is depressed, the subtract key roller, figure 
10-26, rocks the reverse setting assembly clock- 
wise, positioning it to the negative position. Re- 
leasing the subtract key before the machine 
starts allows the rear end of the add reyersie 
lock to remain under ear T, holding the me- 
chanism in its negative position until the add 
operating lever assembly is latched. 

Add Operating Lever Restore 

When the slop key is depressed, surface A, 
figure 10-27, rocks the stop connecting lever 
clockwise and rocks the stop and restore as- 
sembly counterclockwise. This action moves 
the add operating lever restore link to the rear 
and rocks the add operating lever shaft assembly 
counterclockwise, restoring it to its latched 
position. (See fig. 10-27 on page 290). 

AUTOMATIC MULTIPLICATION 

When any control key is pressed the motor 
is switched on, and when the function which has 
been selected is completed, the motor is auto- 
matically switched off. The numters set in the 
keyboard dials are transferred to the middle 
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dials by .the rotation of the main clutch. During 
multiplication the numbers are entered repeatly 
to the middle dials. Multiplication is achieved 
by rapidly adding the numbers to the middle dial 
mechanism. Th^ numi^er of the multiplication 
key depressed determines the number of cycles, 
or times the number will Idc added. 

Each multiplication key operates a linkage 
which starts the motor and positions the link- 
age of the selection mechanism,. 

The motor starting assembly, shown in figure 
10-28, connects the parallel bar, riding under the 
multiplier key section, to the motor switch con- 
tacts. The parallel bar is moved down when a 
key is depressed. The sum of the movements of 
the linkage causes the tip of the switch operating 
link to draw away from the points, which are spring 
closed. The motor then starts and, through the 
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drive train illustrated in figure 10-11, turns 
the restore idler drive gear, figure 10-29, which 
will engage the multiplying mechanism to the 
motor . 



When the parallel bar moved down it operated 
tlie mechanism shown in figure 10-29 causing the 
starting control lever to raise the setting clutch 
opening lever into engagement with the teeth 
of the restore drive idler gear. The effect of the 
gear moving the setting clutch opening lever is 
shown in figure 10-30. The lever lifts the setting 
clutch release dog out of engagement with the 
setting clutch, leaving the clutch free to turn. 
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Figure 10-24.- 
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■Operating lever relatchihg. 
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Figure 10-25. — Add operating lever. ' 
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Figure 10-26, — Subtract bar. 



The setting clutch can now drive the multiplier 
selection mechanism shown in figure 10-30. 



On the shaft with the setting clutch is the 
selection setting cam. When this cam turns with 
the setting clutch, it raises the selection setting 
bellcrank in the multiplier selection mechanism. 
As the bellcrank moves it causes a floating link 
on the selection setting arm to engage lug B 
on the selection bar. Further rotation of the 
selection setting arm pulls the selection bar 
to the left (front of the machine) until one of 
its lugs stops against the end of a depressed 



Add Operating Lever 
Shaft Assembly 




key. As you can see, the amount of motion of 
the bar will depend on which key is depressed. 

As the selection bar moves to the left, the 
hook G on its end will haul back the selection 
segment a distance which represents one cog 
for each unit in the number selected on the 
keyboard. The trip unit pawl does not impede 
the movement of the trip unit gear or selection 
segment, since it was raised by the trip pawl 
release link at the beginning of the setting cycle. 
Once thv' selection segment is positioned, the 
trip unit pawl again engages the gear, locking 
it in the selected position. 
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Figure 10-27.— Add operating lever restore. 
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Figure 10-28. — Motor starting assembly. 
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To achieve multiplication, by any number 
except zero, the main clutch must I:>e engaged 
and rotated. A main clutcli starting cam is 
mounted on the shaft with the setting clutch, 
(fig. 10-31), When the setting clutch was re- 
leased, the starting cam operated the linkage 



to the main clutch release dog, figure 10-32. 
Tlie main clutch release dog is tipped out of 
engagement with tlie main clutch, and held out 
of engagement by the roller on the main clutch 
latch until the multiplication is accomplished. 
Releasing the main clutch dog causes the clutch 
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Figure 10-29. — Setting release mechanism, 
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Figure 10-30. — Multiplier selection mechanism. 



to engage with the clutch shaft, and leaves it 
free to turn. This released position can seen 
in figure 10-35. 

Each cycle of the main clutch adds the num- 
bers set in the keyboard to the middle dials on 
the carriage. A main clutch cycle ivS achieved 
when the clutch rotates 180°. The two-tooth 
gear, seen in fig\ire 10-33, is connected to the 
main clutch shaft. Thi^ough this gear the main 
clutch moves the selection segment back one 
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tooth for each cycle. When the selection seg- 
ment approaches its normal, or zero, position, 
it operates a linkage to disengage and lock the 
main clutch and stop the multiply cycle. 
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Figure 10-31. — Setting release. Figure 10-32. —Main clutch assembly. 
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Figure 10-33. — Multiplier selection gears. 



For the restore operation to begin the main 
clutch must be disengaged, and the setting clutch 
clog must be disengaged, so the setting clutch 
can operate. These conditions are obtained as 
point R (fig. 10-33) on the selection segment 
presses down against ear T on the multiplier 
trip lever. The motion of the trip lever can be 
seen in figure 10-34, where the lip W on the 
lever link pulls up on ear V of the roller latch, 
causing the latch to disengage the main clutch 
release dog. The release dog is returned to 
engage the main clutch by the springs which 
can be seen in figiu^e 10-35. When the dog is 
seating in the main clutch, lip A of the release 
dog disengages ear B of the clutch control lever, 
which in rising against stud C of the setting 
clutch dog, releases the setting clutch. As the 
setting shaft turns, the dip control cams which 
were shown in figure 10-12 turn and raise the 
carriage. As the carriage raises it disengages the 
selection idler gears from the pivot gears. 

Locking Down of Keys 

Omitted from the preceding description was the 
process by which the multiplier key is held down 
during the multiplier operation, and thenreleased 
in the restore operation. 
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Figure 10-34. — Multiplier tr'p assembly. 
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Figure 10-35. — Setting clutch assembly. 
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I'igure 10-36. — Parallel bar assembly. 



Before a multiplier key is depressed, the 
lockbar is held to the r.ear by a spring. When 
the lockbar is in this position j?ny multiplier 
key can loe denressed. The effect of depressing 
a key can be iJeen in figure 10-36. When the 
keystem forces the parallel bar down, the bar 
contacts ear F of the lockbar operating assembly. 
As tjie lever in this assembly is tilted downward 
it operates a second lever through a spring; the 
second lever has live point C which presses the 
lockbar toward the front of the machine, and 
the key is locked down. In this position the lock- 
bar not only holds the depressed key, but also 
prevents any other multiplication key from Ijeing 
depressed. 

.The depressed key is released late in the 
setting clutch phase of the multiplication cycle, 
by means of the mechanism illustrated in figure 
10-37. This system of levers is driven by the 
main clutch starting cam and pulls the lockbar 
toward the rear of the macjiine to release the 
keystem. The key then rises from the pressure 
of the keystem spring. 

As the main clutch starting arm rotates it also 
pulls link A, as seen in figure 10-37. The other 
end of this link can be seen in figure 10-38. 
Motion of link A causes the parallel bar return 
lever to turn, and it engages the roller on the 
arm which pivots on the adjustable stud. Until 
the multiplier key is released the effect of this 
O _ jon is to place tension on the spring between 
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link A and the parallel bar return lever. When 
the key is released the combined efforts of 
(1) the spring at the rear part of the paral- 
lel bar and (2) the spring on the parallel bar 
return lever cause the bar to return to its 
original position. 

When the setting clutch is in operation the 
selection bar, figure 10-29, is retained by the 
selection bar latch to prevent its being operated 
by an accidental depression of a multiplier key. 
When the lockbar moves toward the front of the 
machine, it raises the selection bar latch to 
free the selection bar. By this means the selection 
bar will only be operated after the desired 
multiplier key is fully depressed a.nd locked. 

Automatic Shift 

At the end of each multiplication cycle the 
carriage will automatically shift to position for 
the next number to be multiplied. So that the 
operator may either enter the numbers of his 
multiplier from right to left or left to right, 
the direction control key (#12 in fig. 10-1) can 
be set to cause the carriage to shift in either 
direction. The automatic shift is achieved through 
the shift control assembly, shown in figure 10-39'. 
This assembly is activated by the dip control 
cam follower on the right side^ of the machine. 
(Figure 10-3 shows the cam follower on thai left 
side of the machine, which is why the one in figure 
10-39 looks different.) 
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Figui'e 10-37. — Lockbar x-estoring mechanism. 
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Figure 10-38. — Parallel bar restoring mechanism. 



294 



91.631 



Chapter 10 — CALCULATORS 



AUTOMATIC SHIFT CONTROL LENO 



UPPER LINK OF MANUAL 
SHIFT CONTROL ASSEMBLY 




MANUAL SHIFT 
CONTROL LEVER 



DIP CONTROL CAM FOLLOWER 



91.632 



Figure 10-39, — Shift control assembly. 



At^ the end of the cycle, as the carriage is 
raised by the dip control cams, the live point, 
(L in fig. 10-39) on the dip control cam follower, 
contacts sux^face N on the "airplane tail" and 
pulls it toward the rear of the machine. The 
"airplane tail" moves the automatic shiftcontrol 
lever toward the front of the machine. 

The posi':ion of the control arm on the auto- 
matic shift control lever dictates whether the 
direction of the shi Jt will be to . the right or the 
left. When this arni is pivoted so the upper hook 
pulls the shift control link the carriage shift 
will be to the left in the automatic mode, Wh^n 
the arm is pivoted so the lower hook operates 
the link through the lever, the shift will be 
reversed. Whether this control lever is up or 
down depends on the position of the direction 
control slide on the keyboard. The effect of the 
manual shift key through this linkage will be 
the reverse of. the effect of the automatic shift 
input. 

Figures 10-40 and 10-41 show how the shift 
clutch and shift reverse clutch are operated by 
the control mechanism. 

Although of a more simple design the shift 
clutch is similar in function to the clutches pre- 
viously described, in that it is held stationary 
bv a dog. When tha dog is released the clutch 



automatically connects to the drive shaft. In- 
cluded in the assembly is the reverse clutch 
whjch selects the direction of rotation of the 
shift shaft. Movement of the shift engaging lever 
simultaneously selects the direction of rotation 
and engages the shift clutch to the drive train. 

To see how the direction of motion is selected, 
compare the views provided by figures 10-40 
and 10-41. The shift reversing ring has sloping 
sides, V/hen the rearward finger of the shift 
engaging lever (B in fig. 10-40) presses against 
the ring, it pioves the ring to the right as seen 
in figure lU-41. If the shift engaging lever moved 
the other way^ finger A would move the ring 
to the left. The lever then frees the shift clutch 
by means of the Y-shaped slot (Y) rocking the 
shift clutch release dog. When the shift reverse 
ring moves to the right it carries the shift 
reverse pin . with it into engagement with the 
shift reverse gear to the right. The shift reverse 
gears and shift reverse pin act as a dog clutch. 
The shift reverse gear (left) drives the shift 
idler through the idler shift reverse double gear. 
Figure 10-41 shows these gears folded out for 
clarity. They actually are in constant mesh. When 
the reversing ring is moved in the opposite 
direct.W;n it causes . the pin to engage the shift 
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Figia^e 10-40. -—Shift clutch assembly. 
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reverse gear (right) on the left side. This gear 
directly drives the shift idler. 

Fign^re 10-42 illustrates the shift drive train. 
The output irom this transmission is through the 
vertical shift shaft, driven from the shift idler 
through the jackshaft gears. 

Restoring the Shift Mechanism 

Restoring of the shift mechanism is initiated 
by the restart cam mounted on the shift jack- 
shaft. Rotation of the restart cam produces a 
clockwise motion of the restart bellcrank which 
lifts one end of the automatic shift link, or "air- 
plane-tail". The other end of the "airplane tail" 
goes down and disengages from the live point on 
the dip control cam follower. You can see this 
effect in figure 10-43, and by referring to figure 
10-39. 

Multiplier Z ero Shift 

When the "0»' key in the multiplier unit is 
depressed the carriage shifts one position without 
entering the numbers from the keyboard dials 
to the middle dials. To do so the main clutch 
must be prevented from turning, since turning 
would transfer the keyboard data to the carriage. 

When the zero key is depressed it operates 
the parallel bar to start the motor and engage 



the setting clutch, and it also operates the main 
clutch disabling team. The main clutch dis- 
abling mechanism is shown in figure 10-44, 
When the key is depressed the zero key bell- 
crank moves the end of the disabling beam down; 
the other end of the teani rises, causing hook 
C on its end to disengageear D on the main clutch 
disabling bail. Surface E on the disabling bail 
contacts ear F on the live point mounted on the 
main clutch starting arm. With the live point 
held in the. hook of the main clutch release 
dog, the dog will not move into position to re- 
lease the clutch. This sequence of operations 
will become clear if you refer to figure 10-32, 
When the main clutch is disabled, and the setting 
clutch activated in the normal manner by the 
action of the parallel bar, a cycle will be com- 
pleted and a shift will occur. 

Nonshift Key 

The purpose of the nonshift key is to lock 
out the autonriatic shift figure. When the non- 
shift key is depressed the lever W in figure 
10-45 tips, causing the stud X to contact the 
diagonal surface of the nonshift operating bail 
and force the bail forward. The bail tilts the 
nonshift control lever counterclockwise, and 
through the interponent, raises the end of the 
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Figure 10-41 . —Shift clutch. 



"airplane tail" so that the nose Y will not con- 
tact the ear of the livepoint T on the carriage 
positioning link, and the automatic ' shift me- 
chanism is interrupted. 

Nonshift Control During Addition 
and Subtraction 

Ear N of the add operating lever, figure 10-46, 
disables the shift by lowering the front end of the 
nonshift control lever. The nonshift control lever 
extension rocks the "airplane tail" clockwise, 
lowering tip Y from the path of ear R on the 
carriage positioning lever. When the nonshift 
control lever moves to its nonshift position, 
it rocks the nonshift operating bail, permitting 
the nonshift latch to drop behind ear S on the 

ERIC 



SHIFT 




JACK SHAFT GEAR SHIFT DRIVE IDLER 

91.635 

Figure 10-42. — Shift clutch assem'bly. 



bail. This mechanism is then held in the non- 
shift position after the add operating lever is 
latched. (See fig. 10-47 on page 300). 

Negative Multiply 

When the negative multiply key is depressed 
it reverses the normal multiplication process by 
engaging the reverse clutch in the main clutch 
unit (fig. 10-8). The initial action of the negative 
multiplier key can be seen in figure 10-47, When 
the key is depressed lip B depresses the end of 
the negative reverse lever, and a counter action 
of this lever on the bellcrank pulls the reverse 
setting bar toward the front of the machine. When 
the key is depressed it is latched down by the 
mechanism shown in figure 10-48. The key latch 
hooks over a near shown formed by the turned-over 
end of the keystem.(See fig. 10-48 page 301). 

The reverse setting bar assembly is shown 
in figure 10-49. As this assembly is drawn 
toward the front of the machine the reverse 
operating fork positions the reverse clutch for 
negative operation. The negative multiplier key 
can be locked down so that negative multiplying 
operations will be repeated. The locking system 
is shown in figures 10-47 and 10-48. To lock 
the machine in negative operation, depress the 
repeat negative multiply key. This key will de- 
press the negative multiply key and its associated 
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Figure 10-43.— Shift control lever assembly. 



linkage will operate to reverse the clutch action. 
The repeat key also engages latch D, figui^e 10-47, 
with ear C, This latch will hold down the negative 
multiply key until the stop key is depressed or 
the carriage return is activated, (See 10-49 pg. 302) 
When the stop key, figui'e 10-48, is depressed 
the tail of the connecting lever goes down.~The 
bent section E on the end of the lever raises 
lip F of the ' repeat key latch, which in turn 
releases the repeat key. Aleanvvhile the fork 



at the end of the stop connecting lever raises 
the stud on the end of the release lever. The 
release lever presses against the negative multip- 
lier key latch at point G, As a result the key latch 
rotates clockwise, and its shoulder H disengages 
the ear J at the end of the negative multiplier 
key, and the key returns to position. 

The way the carriage return key releases the 
repeat negative multiplier key is shown in figure 
10-50. When the key is depressed it rotates the 
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Figure 10-44. — Zero shift. 
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Figure 10-45. — Ncnshift. 



latch release lever counterclockwise. The re- 
lease lever operates the repeat key latch to 
disengage the repeat negative* multiplier key, 
and the negative muitipller key latch to release 
the negative multiplier key, 

REMOVAL OF THE MULTIPLIER KEY SEC- 
TION. — Remove the binding screw at the front and 
rear of the key section. Lift the multiplier key 
section up and out of the machine. 



REPLACEMENT OF THE MULTIPLIER KEY 
SECTION. — Place the key section in the machine. 



Move the to>: of the lockbar return lever, figure 
10-37, towiV5 d the front of the machine with a 
spring haoh, allowing the rear end of the key 
section to move down slightly. Raise up the lip 
on the selection bar latch, figure 10-30, and 
the key section will now drop into place. Replace 
the binding scr<;ws at the front and rear of the 
key section. 

ADJUSTMENT OF THE MULTIPLIER KEY 
SECTION.— If the multiply keystem lockbar is 
released too soon, a depressed multiplier key 
will rise and in this position will fail to stop 
the multiplier selection bar. The selection bar 




r 



INSTRUM5NTMAN 1 & C 



NEGATIVE 
MULTIPLY KEY 



REPEAT KEY LATCH ASSEMBLY 




NEGATIVE REVERSE LEVER 



REVERSE SETTING BAR ASSEMBLY 



Figure 10-47. — Negative multiply key. 
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will be driven to the front of the machine, 
resulting in an overselection. 

Check by depressing the # 5 multiplier key 
and . operate the machine by hand until the multi- 
plier trip unit has been positioned and the multi- 
plier trip unit pawl reseats into the gear of the 
trip unit. As the pawl enters the trip unit gear 
the actuating lever, figure 10-36, on the main 
clutch, starting arm assembly should just begin 
to return the top ear on the lockbar return 
lever. Form the ear on the lockbar return lever 
as required for proper return timing. 

If the selection bar is not positioned and 
stopped properly when a multiplier key is de- 
pressed, the selection segment will overthrpw 
or underthrow the multiplier trip unit gear . Either 
action will result in an improper selection of 
all multiplier keys. When the selection bar, figiare 
10-51, is overselecting, from the rear of the 
selection bar up; when underselecting, from the 
reax of the selection bar down. 

To test, after the selection bar has been 
adjusted, depress a multiplier key and operate 
the machine by hand. The multiplier selection 
segment should * move the multiplier trip unit 
gear the same, number of teeth corresponding to 
the multiplier key that is depressed and stopped. 
Then as the multiplier trip unit pawl moves into 
mesh with the gear, there should be no movement 



of the gear. The pawl should enter centrally be- 
tween the teeth of the gear without contacting 
either side. If one of the keystems is bent, it 
will cause an overselection or underselection for 
that individual key. Make certain that the correct 
adjustment is made. 

When the selection bar is binding, the # 1 
keystem will get behind the lug on the selection 
bar when a#9 key is depressed and will be auto- 
matically followed by a quick depression of the 
#1 key. Form the selection bar as required for 
free action. 

A weak spring C on the multiplier selection 
setting arnr., figure 10-30, will cause the multiplier 
selection bar not to be driven the required amount 
to make a#9 multiply selection. To eliminate this 
condition, shorten or replace the spring. 

MULTIPLIER SELECTION SETTING-BELL- 
CRANK ADJUSTMENT. — If there is more than 
.010 inch clearance between the upper member 
of the multiplier selection setting arm at point 
A (fig. 10-30) and the rear of point B on the 
selection bar, when a #9 multiplier key is de- 
pressed, the machine will register a number 
8. With the power off, depress a multiply key 
and adjust the eccentric on the multiplier selection 
setting bellcrank for desired clearance. Before 
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Figure 10-48. — Negative multiplier key assembly. 
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Figure 10-51. — i^ 



forming the selection bar to compensate for throw 
or replacing the selection setting arm spring, 
the multiplier selection setting Jjellcrank adjust- 
ment should be checked. The clearance check is 
the easiest to make. 

REMOVAL OF THE RIGHT SETTING 
LINE BUSHING AND SETTING 
CLUTCH 

Remove the keeper from the division key re- 
turn link and slip link from stud and upward on 
top of the stud, figure 10-52. Remove the screw 
and eccentric from the lower end of the switch 
control link and remove the switch control link 
from the switch control bail. Remove the keeper 
and spring from the lower end of the multiplier 
trip pawl release link and remove from the 
multiplier release arm. Remove the screw, lock-^ 
washer^-^-aiad spacer from the right end of the 
setting' shaft (not shown). Remove the keeper Uig. 
10-53) from the left dip control cam follower and 
link to allow the follower to move to the left with 
the setting shaft. Use a bronze punch and ham- 
mer to tap the setting shaft to the left. Be care- 
ful not to damage the threads in the holes in the 
center of the shaft. Remove the left dip control 
cam follower and link. At this time the main 
clutch starting cam can be removed from the 
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iplier trip unit> 



setting shaft. Then, remove the multiplier pawl 
release cam spacer and the multiplier selection 
setting cam. Next, you remove the spacing washer, 
spring washer and setting clutch assembly. Now, 
you remove the long spacer, brass washer, and 
reverse cam. Removal of the setting shaft baar- 
ing sleeve completes the disassembly.of this unit. 
To replace the right setting line bushing and set- 
ting clutch, reverse the above steps. When re- 
placing the setting clutch assembly cam, make 
sure the C on the cam is on the right side and to 
the front of the machine. Also, the letter A on 
reverse cam goes to the right and up toward the 
rear of the machine. 

There are no adjustments on the setting line 
and setting clutch, other than to ensure that all 
parts are replaced properly and not binding. 
Also check to see that the spring that holds the 
setting clutch dog is holding the dog in mesh. 
The multiplier selection setting cam must have 
the large collar to the right with the high part of 
the cam to the rear of the machine. The high 
part of the main clutch starting cam is to the 
rear of the machint:. Place the switch control 
link eccentric so the stud on the shift control bail 
will rest lightly against the shift clutch release 
dog, figure 10-54, or have .001 inch to .003 
inch clearance, when the clear release lever is 
held down. 
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Figure 10-52. — Division key retuj;n. 
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REMOVAL OF SHIFT CLUTCH 
ASSEMBLY 

Remove the starting switch assembly after 
removing the two I)inding screws. From the right 
side, remove the long screw (fig. 10-55) that 
holds the switch operating Unk and spacers in 
place. Remove switch operating link and spacers. 
Do not lose the small spacer in the switch 
operating link. 

Remove the shift drive idler assembly after 
removing the keeper from inside the shift drive 
idler shaft. Work the shaft out to the right and 
unkook the spring from the snaft. Lift the shaft 
drive idler assembly out of the machine. Notice 
that the shaft is half round at the end and fits 
into a half-round hole in the side frame. On 
reassembly be sure that the slotted end of the 
shift drive idler plate goes tetween the hub of 
the shift clutch release dog and small spacer. 
Remove the lockscrew. and drive-adjusting ec- 
centric nut. Remove the binding screw and re- 
tainer from the shift clutch shaft. Remove the 
shift clutch shaft by unscrewing it with a large 
screwdriver and pulling it out. Remove the drive 
adjustment lever assembly, spacer washer, drive 
idler, shift clutch drive gear and ratchet assembly. 



The shift clutch can now be removed. Do not 
lose the shift reverse pin, figure 10-56, that is 
in the shaft on the reverse ring. To replace the 
shift clutch assembly, reverse the disassembly 
procedure. 

ADJUSTIMENT OF THE SHIFT 
CLUTCH ASSEMBLY 

Figure 10-56 gives an exploded view of the 
shift clutch assembly. When replacing the shift 
clutch disc assem'^ly, be sure to time it with the 
shift reverse ring and shaft reverse gear (right) 
by aligning the notch of groove A with groove B. 
Make sure that the shift reverse pin is properly 
located in the shift reverse ring. Slip the shift 
reverse ring and shift reverse pin over grooves 
B and note that, when sliding, the shift reverse 
pin will enter freely in the notches of grooves 
A and B. Align the notch of the shift reverse 
gear (right) with grooves A and B so that the 
shift reverse pin will slide into the notches of 
the shift reverse gear (right) and grooves A 
and -B. Hold the assemblies together and insert 
a straightened . paper clip (as a timing pin) 
through the timing hole in the shift clutch disc 
assembly, through the shift reverse ring and 
between two teeth of the shift reverse gear 
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Figure 10-53. — Carriage positioning. 



(right), allowing the. pin to extend about 1/4 
inch through the shift rever&e gear (right). Hold 
the assemblies together with tiie pin and place 
them into the machine simultaneously with the 
shift revt;rse idler, so that the pin will enter the 
timing hole in the drive unit frame. (The .jack- 
shaft should be in timel) Hold the assemblies 
in place and replace all parts that were re- 
moved in the preceding steps. After parts have 
been replaced, remove the timing pin toward 
the inside of the machine. 



the starter switch interlock, figure 10-57. The 
mark will eliminate the necessity for an adjust- 
ment. Push down on the reai^ end of the product 
and counter dial clear link lever and tab lever. 
Remove the two screws from the trip unit and 
lift out. Raise up on the starter. switch interlock 
a::d remove the shaft from the main clutch and 
lift out the main clutch assembly. 

REPLACEMENT OF MAIN'cLUTCH 
AfcSEMBI.Y 



REMOVAL OF MAIN CLUTCH 
.ASSEMBLY 

To remove the main clutch assembly, mark 
the position of the eccentric and remove the 
eccentric screw and nut from the rear end of 



bnhook the spring on the main clutch central- 
i^er and push the roller up and to the front of the 
machine. Replace the main clutch assembly in 
the machine and insert the shaft. Replace the 
multiplier trip pawl unit. Push the multiplier 
selection segment to the rear. NOTE: The 
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Figure 10-54. — Shift interlock. 
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Figure 10-55.— Shift drive idler assembly. 
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Figure 10-56. — Shift clutch assembly. 
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multiplier trip pawl gear has a timing mark. 
To time, place the pawl in mesh with the timing 
mark, on the gear and hold in this position 
while placing in machine. Also make sure that 
the flat part of the main clutch assembly shaft 
fits into the half-round hole in the multiplier 
trip pawi unit. Replace the two binding screws. 
Check to see that the pawl on the multiplier 
trip pawl unit is in mesh with the timing mark 
On the gear to ensure that the multiplier trip 
pawl unit is in time. Hook up the spring on the 
main clutch centralizer. Replace the eccentric 
screw in the starter switch interlock. Adjust 
the eccentric until there is a .005 inch clearance 
between the heel on the counter return 
lever and the stud on the counter re- 
lease . control lower link, in normal 
position. 



CLEANING CALCULATORS 

The decision to use a cleaning agent or bath 
on -a calculator is not made until the covers 
have been removed and the internal parts cleaned 
with low pressure air. Then, the machine is 
operated by hand to determine whether an aerosol 
perietrant/lubricant wiU free up the action of 
mechanism. If the mc^chine is so sticky or gum-^ 
my. that operation is still impaired, then a 
cleaning agent or bath is required. 

To clean a calculator with a cleaning agent 
or bath, remove rubber parts and electrical 
components. Use a spray, agitator, or ultra- 
sonic bath. Rinse all excess cleaning ageni and 
dry the machine well. After cleaning the calcu- 
lator, lubricate it according to the manufacturers 
specifications. 
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As an Instrumentman you will ]De assigned 
to disassemble, clean, reassemble, troubleshoot,' 
and i^epair ^ adding machines, addressographs, 
cash registers, and other office machines. Since 
many different makes and models of these ma- 
chines are used in the Navy, you will probably 
get the chance to work oh every kind. Instead 
of providing instruction on each, however, typi- 
cal or representative machines will be chosen 
for discussion. It is assumed that there are no 
major differences between the ty|Dieal machine 
and another of its kind. Already discussed in 
chapter 16 of Instrumentman 3/2, NavPers 10193- 
C, are the Burroughs Series P400 adding ma- 
chine and the Class .200 Addressograph. This 
chapter will Include a description of the various 
mechanisms and the nomenclature of those ^.arts 
within the National Class 21 cash register, as 
well as procedures for disassembling, reas- 
sembling, and adjusting this typical cash register. 
Also included is a short section concerning the 
conversion of some Burroughs adding machines 
for use as cash registers. The last part of the 
chapter will provide procedures for adjusting 
the Burroughs Series P400 adding machine, whose 
mechanisms are described in Instrumentman 3/2. 



NATIONAL CASH REGISTERS 

The Model (Class) 21 National cash register 
is used in considerable numbers on naval ships; 
and for this reason, it is discussed as a re- 
presentative type in this chapter. Figure 11-1 
shows a Class 21 National cash register, with 
some of the nomenclature listed. 

Illustrations of various mechanisms of the 
machine are shown when they are discussed. 
You can learn much. about many of them at this 
time, however, by studying illustrations 11-2 
through 11-11. 

Reference is made to some of these il- 
lustrations during the discussion. 



• The Class 21 National gash register, also 
called the receipt printer, has one of trans- 
action control keys in ROW 2 and five rows 
of AMOUNT keys. It is also constructed with 
clerks* keys in ROW 9, or with printing keys 
in ROWS 1 and 9. 

This machine has ONE accumulating total 
and an itemizing feature. The items are ac- 
cumulated on one set of counter pinions and 
then transferred :g a storage total when the 
item counter is o^eared. The storage counter 
and the item counter have a capacity of $9,999.99. 
each. 

MECHANISMS AND PARTS 

By necessity, the mechanisms in a cash 
register are complex. They are precision- made 
to function smoothly and accurately, and indi- 
vidually or collectively, in accordance with speci- 
fic needs. Study the illustrations of mechanisms 
carefully as you follow the discussion of their 
operation. 

Printer Selecting Plates 

The feeding and printing of the receipt (slip 
of paper with printed record of sale) on the 
Class 21 National cash register is controlled 
by four selecting plates located back of the 
receipt supply roller hub. See figure 11-12. 
plate 21A2487 is positioned by the link arm line 
in row 2 on the keyboard, and plate 21A2171 is 
positioned by the control lock slide (fig. 11-13). 
Torsion springs between printer selecting plates 
(fig. 11.-12) 21A2164 and 21A2160 hold them 
against studs in plates 21A24B7 and 21A2171. 
The positions of the last two plates determine 
the positions of plates 21A2164 and 21A2160. 

Turn now to figure 11-14 and study the 
printer selecting plates in their operating po- 
sitions. The lower sections of these plates 
have high, intermediate, and low spots which 
control the feeding and printing of the receipt. 
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Figure 11-1. — Class 21 National cash register. 




Figure 11-2. — Nomenclature of a Class 21 National cash register. 
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Figure 11-3. — Nomenclature of a Class 21 National cash register — Continued. 
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SEGMENT STOP SHAFT 
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CONTROL LOCK SLIQF. 2IB2I9I 
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Figure 11-4. — Nomenclature of a Class 21 National cash register — Continued. 
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AII0703 

RECEIPT FEED SEG^*ENT 21B2430 

DETAIL CONTROL AflM 2IA2S54 

PAPER FEED P^WL 2lB«94 

RETAIL PAPER FEELER 2IA22I9 

RECeiV;NS ROLL RI»TCHET 
2tA2374 

RETAIL FEED PLATE 2IA2357 

DETAIL FEED STOP PAWL 2JA2364 
TAIL IMPRESSlOH PLATE 2|A2539 
IMPRESSION ARM ^IA2524 
SUPPLY ROLL SPRING 2IA770 
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Figure 11 6. — Nomenclature of a Class 21 National cash register — Continued. 
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Figure 11-7. — Nomenclaf.ure of a Class 21 National cash register— Continued. 
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SPECIAL COUNTER 
SPECIAL COUNTER SELECTION PLATE 
2lAt436 — ) 
2IAl432-n 
2<A(495 



RESET COUNTER 
SELECTION PLATE 
2IA2679 

SPECIAL COUNTER FEELER. 2IAt53) 

C3000 CARRIAGE RETURN P^L 
SPRING NO.l AI26359 



SELECTION PLATE 2IAI524 




SPECIAL COUNTER IDLER ARM 
2lAtS23 

SPECIAL COUNTER OPERATING 
ARM 2IAI540 

SPECmL COUNTER IDLER ARM 
2IA)5I7 

SPECIAL COUNTER IDLER ARM 
2tAI522 

SPECIAL COUNTER WHEEL 
21AI472 

SPECIAL COUNTER WHEEL 
2}AI47( 

f:\00 RETAINING PAWL NO. 2 AI79246- 
(0N£ PER CO. WHEEL) 



CUSTOMER COUNTER SELECTION PLATE 
2IAI43I 

SPECIAL COUNTER SELECTION PLATE 
2IAt434 
2IAI435 
2IA(433 

SPECIAL COUNTER FEELER 2IA629 

COUNTER^EELER LINK2IAI5^36 

SPECIAL COUNTER OPERATING ARM 
2IAI54I 

SPECIAL COUNTER 
OPERATING ARM 2tA2959 

FECIAL COUNTER YOKE EIAI446 

COUNTER TURN BACK WHEEL 
"^yfl&^ ^ 2IAI4e4 

rWURN BACK WHEEL GEAR 2IAI4a3 

1 Tl 



URN BACK GEAR 2|A2924 



SPECIAL COUNTER 
'WHEEL 2tAI469 
(ALL UNNAMED CO. WHEELS 
ARE THE SAME AS THE ABOVE) 

SPECIAL COUNTER YOKE 2tAl453 



Figure 11-8. — Nomenclature of a Class "1 National cash register — Continued. 
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Figure 11-9. — Nomenclature of a Class 21 National cash register — Continued. 
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TYPE WHEEL DRIVE PlNiON 2IA2(I9- 
. DATE TYPE WH.EEL (YEAR) 21^2650 
oEGISTEf^ NUMBER WHEEL 2IA27I9 

DATE WHEEL LINER SPRISG 2IAaSl69 
LINER PAWL SPACER 21A2989 
, DATE WHEEL LINER PAWL 2)A29a 
DATE WHEEL RETAINER 2IA2655^ 
SEGMENT LINER SPRING 2IA2997 



TYPE WHEEL DRIVE 5EGMEJ 
2IB23I6 



TYPE WHEEL DRIVE 

SEGMENT 2IB2320 



TYPE WHEEL DRIVE SEGMENT 2)B23l§, 




I— RECEIPT IMPRESSION ROLL 2IA2567 

P.T tMp-'RESSlON ECCENTRIC SHAFT 2U2565 
DATE TYPE WHEEL 2IA2075 
DATE TYPE WHEEL 2IA2079 
DATE TYPE WHEEL 2lAiJ078 

YPE WHEEL DRiVE PINION 2iA2l23 
DATE WHEEL LINEH PAWL 2IA2I3S 
SEGMENT LINER 2IA2379 
TYPE WHEEL ORIVE SEGMENT 2IB23I9 
fYPE WHEEL DRIVE SEGMENT 2IB23I4 
TYPE WHEEL DR;VE SEGMENT 2182316 
E WHEEL DRIVE SEGMENT 2IB23I3 
lYPE WHEEL DRIVE SEGMENT &A23l7 
LINER ARM SCREW 2lA23;3 



Figure 11-10. ~ Nomenclature of a Class 21 National cash register — Continued. 
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ELECTRO IMPRESSION RUBBER 
HOLDER 2IB2440 



IMPRESSION ECCENTRIC 

SCREW 21A2SSO' 



RECEIPT IMPRESSION ROLL 2IA2567 



ELECTRO 2IAI744 



CaOO OPERATING HANDLE STOP 
5TU0 SCREW N01 A466 




AMOUN'T IMPRESSION YOKE 2l625tl 
DATE IMPRESSION YOKE 2IAZ546-^ . 
ECCENTRIC HOLDER 2(82468 
ECCENTRIC 2IA2469 

AMOUNT IMPRESSION RUBBER HOLDER 2IA2564 
RECEIfT IMPRESSION CAM 2IA2434 
XaZ TYPE WHEEL 2IA2026 
TRANSACTION TYPE WHEEL 2tA202B 
^^^jyvlOUNT TYPE WHEEL 2IA2034 
MOUNT TYPE WHEEL 2IA2032 



AMOUNT TYPE WHEEL 2IA2036- 

AMOUNT TYPE WHEEL 2IA2042- 



91.408X 

Figure 11-11. — Nomenclature of a Class 21 National cash register— Continued, 

315 



U^STRUMENTMAN 1 & C 




The high spots result in NO feeding and NO 
printing; the intermediate spots give the amount 
of printing ONLY and SHORT feeding; and the 
low spots give the AMOUNT and DATE printing 
and LONG feeding. 

The upper sections of the selecting plates 
have high and low spots which control the feed- 
ing and printing of the detail strip (paper which 
remains in the machine for auditing purposes)* 
The high spots give NO feeding and NO printing, 
and the low spots cause the detail strip to feed 
and receive print. 

On and off Receipt Control Yoke 

If the control lock slide (fig, 11-13) is in any 
position except RESET, a high spot on selecting 
plat^ 21A2171 gets in the path of the receipt 
control yoke. Illustration 11-13 shows the control 
lock slide in the REGISTERING position. 

When the receipt control yoke is in tlie OFF 
position, the lower portion of the receipt ON- 
and-OFF arm is over the receipt impression 
feeler (illustrated). This portion of the receipt 

er|c 



ON-and-OFF arm corresponds to a. high spot 
on the printer selecting plates and disables the 
feeding and printing of the receipt. 

When the receipt control yoke is moved from 
one position to the other, the stud in the lower 
end of the receipt ON-and-OFF arm forces the 
front end of the receipt ON-and-OFF control 
arm down and oscillates the second control arm 
from the top to the front of the machine to build 
up tension in the control spring. The upper end 
of the control arm has a TURNED-OVER part 
which enters a low spot in selecting plate 21A- 
2171, After the stud in the lower end of the re- 
ceipt ON-and-OFF arm passes over the receipt 
ON-and-OFF control arm, the control arm spring 
(illustrated) pulls the control arm from the top 
to the back of the machine and the upper end 
of the control arm moves out of the LOW spot 
in the selecting plate. 

Feeler Restoring Plate 

The feeler restoring plate (fig. 11-15) is 
located back of the printer selecting plates, 
next to the left side frame. When the handle is 
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CONTROL LOCK SLIDE 
21B219] 



COUNTER CONTROL 
ARM21A132 



X & Z LINK 
ARM 21A314 



RECEIPT ON & 
OFF ARM 
21A2175 



PRINTER 
SELECTING 
PLATE 
21A2171 




CONTROL ARM 
SPRING 21A2672 



RECEIPT IMPRESSION 
FEELER 21A2417 



RECEIPT ON & OFF 
CONTROL AR^, 
21A2178 



Figure 11-13. — ON-and-OFF receipt control yoke. 
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SELECTING PLATE 
LINK 21A2017 — 



PRINTER SELECTING 
PLATE 21A2160 



SELECTING PLATE 
LINK 21A2792 



PRINTER 
SELECTING PLATE 
21A2171 



PRINTER SELECTING 
PLATE 21A2487 



PRINTER SELECTING 
PLATE 21A2487 




SELECTING PLATE 
SPRING 21A2557 



PRINTER SELECTING 
PLATF 21A2164 



Figure 11-14. — Printer selecting plates in their operating positions. 
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IMPRESSION RUBBER 
HOLDER :.PRING- 
21A7675 

DATE IMPRESSIvDN' 
YOKE i|A2546 



C-3000 SPACE BAR 
SPRING Al 10703. 




AMOUNT IMPRESSION 
RUBBER HOLDER 
21A2564 

RECEIPT IMPRESSION 
CAM 21A2434 



RECEIPT IMPRESSION 
PITMAN 21B2467 



RECEIPT IMPRESSION 
FEELER 21A2417 

RECEIPT FEED ADJUSTING 
PLATE 21A2262 



' FEELER 
RESTORING PLATE 
SPRING 21A2674 



RECEIPT FEED ADJUSTING 
PLATE 21A2990 



^FEELER RESTORING PLATE 
21A2213 
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Figure 11-16. — Feeler restoring plate and attached parts and mechanisms. 
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DATE IMPRESSION IMPRESSION RUBBER 




Figure 11-16. — Receipt impression pitr 

turned l/2 turn (180°) from its normal rest po- 
sition (HOME), the restoring plate is held with 
the top up and to the FRONT of the machine by 
three rollers on the inside printer operating 
cam. In this position, the restoring plate holds 
both impression feelers clear of the selecting 
plates while they are being positioned. 

At the completion of a l/2 turn of the handle 
(crank), the rollers on the printer operating 
cam move away from the feeler restoring plate 
and the feeler restoring plate spring pulls the 
restoring plate to the BACK of the machine, 
thereby allowing the feelers to move in and 
FEEL for HIGH or LOW spots on the selecting 
plates. 

Receipt Impression Pitman 

The upper end of the receipt impression 
pitman (fig. 11-15) swings on a stud in the re- 
ceipt impi'ession cam, and it has a spring which 
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and connectied parts and mechanisms. 



pulls its lower end toward the front of the ma- 
chine. A stud in the front end of the impression 
arm (fig. 11-16) works in an opening in the 
lower end of the pitman. As illustrated in fig- 
ure 11-15 the opening in the pitman has a 
NEUTRAL portion and two WORKING portions 
(single and multiple). In the rest (HOME) po- 
sition, the stud in the impression arm is in the 
center of the neutral portion. 

The upper extension of the receipt impres- 
sion feeler (fig. 11-15) fits over a stud in the 
pitman; and if a high spot on one of the printer 
selecting plates is positioned over the feeler 
during the operation, the neutral portion of the 
pitman remains over the stud in the impression 
arm. 

When in the HOME position, the impression 
arm (fig. 11-16) is on the intermediate part of 
the printer operating cam (fig. 11-15, & 21A2495 
figs. 11-16 & 11-17). The first movement of the 
arm is from TOP to BACK when the handle is 




Figure 11-17, — Type wheel ali 



turned 3/4 the distance around. Upon completion 
of a FULL turn of the handle, the arm returns 
to the intermediate part of the cam. At the com- 
pletion of one and 3/8 turns of the he,ndle, the 
arm oscillates TOP to FRONT; and with the 
stud in the impression arm in the neutral por- 
tion of the opening in the pitman, the pitman 
does NOT move and NO printing occurs on the 
receipt. 

If the intermediate spots on the selecting 
plates are positioned over the receipt impres- 
sion feeler (fig. 11-15), the receipt impression 
pitman moves to the FRONT and places the first 
WORKING portion of the opening under the stud 
in the impression arm, Thisportionof theopening 
is so cut that when the impression arm os- 
cillates TOP to BACK as the handle is turned 
3/4 the distance around, the stud does NOT 
contact the pitman; but when the arm oscillates 
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and ribI)on feeding mechanism. 



TOP to FRONT after the handle is turned one 
and 3/8 turns, the stud DOES contact the pitman 
and carry it DOWN to print amounts on the 
receipt. 



When LOW spots on the selecting plates are 
positioned over the receipt impression feeler, 
the receipt impression pitman moves to the 
FRONT and places the SECOND working portion 
of the opening in the pitman over the stud in the 
impx^ession arm. This position of the opening 
is so cut that the stud in the impression arm 
contacts the pitman when the handle is turned 
3/4 the distance around and forces it UP to 
print the date and electro (name plate of firm, 
etc.) on the receipt. If the handle is turned one 
and 3/8 turns, the stud carries the pitman 
down to print the amounts on the receipt. 
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Studs in the FRONT and BACK printer sup- 
port plates (fig. 11-4) hold^ the amount inpres- 
sion yoke (fig. 11-16) on studs. The * amount 
impression rubber holder is assembled to the 
FRONT of this yoke. The date impression yoke 
is attached to both the amount' and the elect x"o 
impression x'ubber holders and the impression 
rubber holder springs. An upward pull on the 
date impression yoke holds both impression 
rubber holders UP off the type in the HOME 
position. 

The receipt impression cam swings on a 
stud in the back printer support plate, and it 
has extensions to the FRONT and to the BACK 
over the amount and the electro impression 
rubber holders. 

When the receipt impression pitman (fig. 
11-16) moyes UP, it oscillates the impz^ession 
cam from the tgp to th 'jack of the machine, 
and the back extension v . the cam then , forces 
the electro ' impression laibber holder DOWN 
against the type to print. 

When the receipt impression pitman is moved 
DOWN below the HOME position^ the receipt 
impressipn cam oscillates TOP to FRONT and 
carries the amount impression rubber holder 
DOWN to print the amounts on the receipt. 

Printer Operating Cam 

The printer operating cam (figs. 11-5& 11-16) 
is a cluster of four cams on the left end of 
the printer cam line (fig. 11-6). The two OUT- 
SIDE cams operate the detail and receipt im- 
pression mechanism (receipt impression cam), 
illustrated in figure 11-16. The third cam from 
the outside operates the type wheel liner arm 
(fig. 11-17), The type wheel liner arm operates 
?X)th the liner and the ribbon feed mechanism 
(type wheel liner cam). 

Three rollers on the side of the inside cam 
of the cluster operate the feeler restoring plate 
(fig. 11-15). The surface of the cam operates 
the paper feeding mechanism (fig. 11-18) for 
BOTH the detail and the receipt paper (paper 
feeding cam). 

Paper Feeding Mechanism 

The receipt impression feeler (fig. 11-15) 
also controls the feeding of the receipt paper. 
The receipt feed adjusting plate (21A2262, fig. 
11-18) is located slightly LOWER on the feeler 
than feed adjusting plate 21A2990. When a high 
spot on one of the selecting plates is positioned 
over . the receipt impression feeler, adjusting 



plate 21A2262 is in the PATH of receipt feeding 
segment 21B2430 (fig. 11-18) and does NOT let 
the segment COCK the receipt feeding mecha- 
nism; so ^the receipt paper does NOT feed. 

When INTERMEDIATE spots on the printer 
selecting plates are positioned over the receipt 
imipression feeler (fig. 11-15), the front exten- 
sion of the feeler moves DOWN slightly and the 
receipt feeding adjusting plate (fig, 11-18) is 
moved DOWN and OUT of the path of the receipt 
feeding segment. Receipt feeding adjusting plate 
21A2990 is secured slightly HIGHER and a little 
to the FRONT of adjusting plate 21A2262; and 
when the receipt impression feeler is on an 
intermediate spot on the selecting plates, ad- 
justing plate 21A2990 is IN THE PATH of the 
receipt feeding segment. When in this position, 
plate 21 AC'1>90 allows the receipt feeding seg- 
ment to move TOP to BACK far enough to cock 
the receipt feeding mechanism sufficiently to 
feed the paper l/4 inch. 

When LOW spots on the selecting plates are 
positioned. OVER the impression feeler, the 
front extension of the feeler moves DOWN and 
carries BOTH adjusting plates OUT of the path 
of the receipt feeding segment. The segment 
then moves BOTTOM to FRONT until it is 
stopped by the receipt feeding stop plate (21A- 
2261) screwed to the left side frame. This 
movement COCKS the receipt feeding mecha- 
nism for LONG feeding. 

Type Wheel and Ribbon 
Feeding Mechanism 

Movement to position the type wheels (fig. 
11-18) is provided by the link arm lines (fig, 
11-17). Differential links swing on studs in the 
link arms pinned to the link arm lines outside 
the. left side frame< The front end of the dif- 
ferential links swings on studs in the type wheel 
drive segment (fig. 11-17), This mechanism 
positions the drive segments, which (in mesh 
with the type wheels) then position the t3^e 
wheels* 

One complete turn of the handle fully po- 
sitions the type wheels. Just after the com- 
pletion of one turn of the handle, the LOW 
part of the printer operating cam (fig. 11-16) 
comes UNDER the roller and stud on the type 
wheel liner arm (21A2474, fig. 11-17) and the 
segment liner spring pulls the segment liner 
(fig. 11-17) from the top to the front of the 
machine and into the teeth of the type wheel 
drive segments, thereby aligning the segments 
and type wheels. 
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Figure 11-18. — Paper feeding mechanism. 



As the segment liner moves into the teeth 
of the segments, it contacts the segment liner 
drive arm and moves it TOP to BACK. The 
segment liner drive arm (fig. 11-17) swings 
on a stud in the back printer support plate, 
and the top of the arm moves -o the back and 
contacts a stud in the ribbon feeding operating 
link which extends through an opening in the 
back printer support plate. The linlc is then 
forced to the BACK of the machine to cause the 
roller and stud on the type wheel liner arm to 
follow the surface of the printer oper.'^ting cam. 

The upper end of the ribbon feeding operating 
link (fig. 11-17) is attached to the ribbon operat- 
ing plate; and as the link moves to the back, 
the plate is turned TOP to FRONT. The lower 
end of the ribbon feeding pawl (fig. 11-17) is 
attached to the ribbon operating plate, and the 
upper end of the pawl is held against the ratchet 
of the ribbon feeding clutch by spring tension. 
As the operating plate turns TOP to FRONT, it 
carries the feeding pawl up and cocks the rib- 
bon feeding mechanism. The ribbon ratchet re- 
taining pawl (fig. 11-17) keeps the ribbon feeding 
clutch from turning when the pawl moves over 
the ratchet. 

Just before the handle completes one and 
3/4 turns, the HIGH part of the printer operat- 
ing cam (21A2405, fig. 11-16) comes UNDER 



the roller and stud in the type wheel liner arm 
and forces the arm UP. The ribbon • feeding 
operating link then moves UP and to the FRONT 
of the machine. The stud in the upper part of 
the link contacts the segment liner drive arm 
and moves it TOP to FRONT. The lower part 
of the Segment liner drive arm then contacts 
the segment liner and carries it out of the teeth 
of the segments. 

The ribbon feeding operating link also turns 
the ribbon operating plate TOP to BACK. The 
ribbon feeding pawl is then moved DOWN to turn 
the ribbon feeding clutch TOP to BACK. The 
ribbon feeding clutch continues the action by 
turning the ink roller (fig. 11-9) TOP to BACK 
to feed the ribbon ONE position. 

Multiple-item Operations 

From the HOME position to a l/2 turn of 
the handle, the rollers on the printer operating 
cam hold the feeler restoring plate (fig. 11-15) 
TOP to- FRONT. In this position, the restoring 
plate holds the impression feelers clear of the 
HIGH spots on the selecting plates while they 
are being positioned. 

A 3/8 turn of the handle fully positions the 
selecting plates; at the completion of l/2 turn 
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DETAIL IMPRESSION 
FEELER 21A2461 



DETAIL CONTROL ARM 
SPRING 2VA2678 



FEED PAWL SPRING 
2^A2260 




PAPER FEED 
CAM 21A2495 



RECEIVING ROLL 
RATCHET 21A2646 



DETAIL FEED 
PLATE SPRING 
21A2673 



FEED ARM 
21A2343 



DETAIL FEED PLATE 
21A2357 



FEED STOP 
PAWL SPRING 
21A2676 



PAPER FEED 
PAWL 21B1994 



Figure 11-19. — Detail strip printing and feeding mechanism. 
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of the handle, the rollers on the printer operat- 
ing cam move AWAY from the feeler restoring 
plate and this plate's spring then pulls the plate 
TOP to BACK. 

The upper extension of the receipt impi^es- 
sion fee?.er (fig. 11-18) yokes over a stud in the 
receipt impression pitman, and a spring pulls 
this pitman to the front of the machinv^ to cause 
the feeler to move UP in the BACK until it con- 
tacts an intermediate spot on the printer se- 
lecting plates. 

The receipt impression pitman then moves 
to the FRONT and places the first working por- 
tion of the opening in it over the stud in the im- 
pression arm (fig. 11-16) to set up a condition 
for the amounts ONLY to be printed" on the re- 
ceipt paper. 

The front of the receipt impression feeler 
(fig. 11-18) moves DOWN and positions adjust- 
ing plate 21A2£^90 in the path of the receipt 
feeding segment, thereby setting up a condition . 
for SHORT feeding of the receipt paper. 

in the HOME position, the high pax^t Of the 
printer operating cam is over the roller and 
stud in the back part of the feed arm (fig. 
11-19) and thus holds it down. The front of the 
feed arm is against a stud in the receipt feeding 
segment (fig. 11-18) and thus holds the segment 
TOP to FRONT. 



Just after a l/2 turn of the handle, the LOW 
pax^t of the cam moves over the roller and stud 
in the feed arm, and the receipt feeding segment 
spring pulls the receipt feeding segment TOP 
to BACK until it is stopped by the receipt feed- 
ing adjusting plate. The receipt feeding segment 
is in mesh with the teeth on the receipt feeding 
plate (fig. 11-18) and turns the plate TOP to 
FRONT. Three paper feeding pawls (fig, 11-18) 
assembled on the receipt feeding plate are held 
against the teeth of the receiving roller ratchet 
by the feed pawl spring. As the receipt feeding 
plate turns TOP to FRONT, the pawls move over 
the teeth of the receiving roller ratch^^t and COCK 
the feed mechanism for SHORT feeding. 

If the handle is turned 3/4 the distance a- 
round, the high part of the printer operating- 
cam forces the front roller on the impression 
arm (fig. 11-16) to the front of the machine. 
The stud in the impression arm moves up but 
does NOT give any movement to the impression 
pitman, because the receipt impression feeler 
is on the INTERMEDIATE spots on the select- 
ing plates. 

One complete turn of the handle fully posi-^ 
tions the type wheels; one and l/4 turns of the 
handle position the HIGH part of the printer 
operating cam (fig. 11-17) under the back roller 
and stud on the impression arm and move it 
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UP in the back. The stud in the front of the 
arm moves DOWN and carries the receipt im- 
pression pitrnan along'. The upper end of the 
pitman is connected to the receipt impression 
cam and oscillates it TOP to FRONT, and car- 
ries the amount impression rubl)er holder (fig. 
11-16) DOWN against the type to print the 
amounts on the receipt paper. 

Upon the completion of one and 3/4 turns of 
the handle, the rollers on the inside primer 
operating cam contact the feeler restoring plate 
(fig. 11-15) and move it TOP to FRONT to 
restore the impression feelers to their rest 
positions. 

Wien the handle is turned one and 1/2 times, 
the high part of the printer operating cam moves 
tge feed arm DOWN in the back. On an item 
operation, however, the front of the feed arm 
does NOT contact the stud in the receipt feeding 
segment until the handle has been turned one 
and 7/8 turns, because the segment is stopped 
by the receipt feeding- adjusting plate. 

Upon the /)mpletion of one and 7/8 turns of 
the handle, the feed arm moves the receipt 
feeding segment TOP to FRONT. The segment 
then turns the receipt feeding plate TOP to 
BACK and the feed pawls turn the receiving 
roller ratchet and the receipt feeding gear TOP 
to BACK. The receipt feed gear, in mesh with 
the pinion on the receipt feeding roller (fig. 
11-18), turns the roller TOP to FRONT. Grip- 
ped between the receipt feeding roller and the 
receipt pressure roller, the paper then feeds 
l/4 inch. 

The folowing discussion is for feeding and 
printing of the receipt paper on TOTAL and 
CASH 1 operations, with the ON-and-OFF lever 
in the ON position. 

Operation of the receipt mechanism on all 
TOTAL and CASH 1 operations i5= similar to 
the operation for multiple-items. The only dif- 
ference is that LOW spots . in the selecting 
plates are placed over the recei:3t impression 
feeler (fig. 11-18) to allow the feeler to move 
TOP to FRONT far enough to place the SECOND 
working portion of the opening in the receipt 
impression pitman over the stud in the impres- 
sion arm. This action sets up a condition for 
printing the date and the amounts on the re- 
ceipt paper. 

Low spots in the selecting plates also allow 
the receipt impression feeler to move DOWN 
. far enough in the FRONT for both receipt feed- 
ing adjusting plates (fig. 11-18) to clear the tail 
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of the receipt feeding segment. Downward move- 
ment of the receipt impression feeler per- 
mits the receipt feeding segment to move TOP 
to BACK until it is stopped by the receipt feed- 
ing stop plate (fig. 11-18), screwed to the left 
side frame, to cock the receipt feeding me- 
chanism for LONG feeding. 

During subtotal operations, a HIGH spot is 
over the receipt impression feeler and the re- 
ceipt mechanism is disabled. 

Detail Mechanism 

The detail mechanism (figs. 11-19 and 11-20) 
on the Class 21 National cash i^egister is con- 
structed so that all items and their total, or 
just the total of the items, print on the detail 
strip (audit slip)* For item printing on the de- 
tail stip, a LOW spot should be on the printer 
selecting plates under the detail impression 
feeler (fig. 11-19). If the total ONLY of the 
items is desired on the detail strip, a high spot 
should be under the detail impression feeler on 
item operations. 

From HOME to l/2 turn of the handle, the 
detail impression feeler is held away from the 
selecting plates in the same manner as the re- 
ceipt impression feeler, so that the selecting 
plates can be positioned. Upon completion of a 
l/2 tui'n of the handle, the rollers on the printer 
operating cam (fig. 11-19) move away from the 
feeler restoring plate (fig. 11-15) and spring 
tension pulls the plate from the top to the back 
of the machine. Another spring which pulls up 
on the front of the feeler carries it DOWN in 
the back to FEEL for high and low spots on the 
selecting plates. 

If there are low spots under the receipt im- 
pression feeler, it movec down in the back and 
the front end raises the back extension of the 
detail control arm (fig. 11-19). The lower, 
front extension of the control arm is then moved 
far enough to the back to clear the hook on the 
detail feed stop pawl (fig. 11-19). The control 
arm also has an extension which yokes a stud 
in the detail impression cam link; and the arm 
moves the link to the back of the machine to 
place the stud in the link in the pa^Ji of the step 
on the detail impression plate (fig. 11-20). 

As the handle completes one and 1/4 turns, 
the impression arm in the back rises to turn 
the detail impression plate TOP to BACK. The 
step on the impression plate contacts the stud 
in the detail impression cam link and forces it 
up. The link is attached to the detail cam arm 
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DETAIL IMPRESSION DETAIL CONTROL 




ROLL 21A2668 
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Figure 11-20. — Detail strip printing and feeding mechanism — Continued. 



and the arm is turned TOP to FRONT. The de- 
tail cam arm is pinned to the right end of the 
detail cam shaft, and the shaft extends to the 
left through the. two extensions of the detail im- 
pression rubber holder. The detail impression 
cam is pinned to the cam shaft iJetween the ex- 
tension of the impression rubber holder. 

As the detail cam shaft turns TOP to FRONT, 
the high part of the detail impression cam 
(fig. 11-20) moves over the impx^ession cam 
roller, which fits over a stationary stud in the 
back printer support plate. Movement of the 
high part of the cam over this roller causes 
the detail caai shaft to rise and the cam shaft 
to carry the detail impression rubber holder up 
to print on the detail strip. 

As soon as the handle is turned one FULL 
turn, the low part of the printer operating cam 
moves over the roller on the feed arm and al- 
lows it to move dowti in front. Spring tension 
then turns the detail feed plate from TOP to 
BACK to cock the detail feeding mechanism. 

At approximately one and l/2 turns of the 
handle, the high part of the printer operating 
cam moves over the roller on the feed arm 
(fig. 11-19) and forces it down in the back. 
The front end of the feed arm then contacts the 
stud in the detail feed plate and turns it TOP 
to FRONT to space the detail. 

O 

ERIC 



Special Counters 

There is a special, a customer, and a reset 
counter in the Class 21 x^eceipt printer for each 
key in ROW 2 (except subtotal key). Study fig- 
ures 11-8 and 11-21. Each time the CASH 1 or 
the CASH TOTAL key is used the sp»joial counter 
marked CASH adds 1. All other keys in ROW 
2 add on their own counters each time they are 
used when the contx^ol lock slide (fig, 11-13) 
is in the registering position. 

The customer counter adds 1 each time a 
key in ROW 2 is used (subtotal, tax, and no- 
sale keys excluded). Special counters do NOT 
add during multiple-item operations. 

With the exception of the x^eset counter, each 
special counter has a selecting plate (fig. 11-7) 
positioned by the transaction row which controls 
the selection of the counters when the control 
lock slide is in the registering position. A low 
spot in a selecting' plate over one of the special 
counter feelers selects that counter to add; 
a high spot disables it. 

The CASH, CUSTOMER, and CHARGE counters 
also have selectingplates positioned by the control 
lock slide. When the control lock slide is moved 
out of the registering position, these selecting 
plates place high spots over the special counter 
feelers to disable addition on the counters. 
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DRAWER CONTROL 
CAM 21A1 361 

SPECIAL COUNTER 
LINK 21A1366 

SPECIAL COUNTER 
LINK 21A1367 



DRAWER CONTROL 
CAM 2]An59 



SELECTION PLATE 
OPERATING ARM 
21 A1513 ^ 



SPECIAL COUNTER 
CAM YOKE 
21B1475 

CUSTOMER COUNTER 
SELECTION PLATE 
21 A1431 

SPECIAL COUNTER 
FEELER 21 A1529 

COUN' FEELER 
LINK 21A1536 

COUNTER FEELER 

SPRING 2]A]742 
SPECIAL COUNTER 
IDLER ARM 
21 A1517 

SPECIAL COUNTER 
OPERATING ARM 
21A1541 

SPECIAL COUNTER 
WHEEL 21A1471 

SPECIAL COUNTER 
YOKE 21A1446 



DRIVE ARM CAM 
21 A27?2 

DRIVE ARM CAM 
21A2712 



FEELER OPERATING 
ARM 21A3377 




FEELEROPER. 
CAM 2A3374 
DIFFERENTIAL DRIVE 
ROD21A65 
DIFFERENTIAL 
DRIVE ARM 



FEELER OPERATING 

ARM 21AJ448' 
SPECIAL COUNTER 
FEELER SHAFT 
21A1364 

STOP Pawl link 

21A1505 
FEELER STOP SHAFT 
ARM 21 A1437 

AUTO PLATEN ROLL ARM LATCH 
SPRING #2051 CL-1000.A90328 



TURN BACK GEAR 
C'lOO A180151 

TURN BACK 
WHEEL GEAR 
21 A1483 



COUNTER TURN 
BACK WHEEL 
21 A1484 ■ 



STOP PAWL 
21 A1509 
FEELER STOP 
SHAFT 21A1438 



Figure 11-21.— -Special counter selection mechanism. 
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The reset counter is controlled by the con- 
trol lock slide, and it adds one each time the 
register is operated with the control lock slide 
in the reset position. 

The discussion which follows is for the se- 
lection of special counters from the TRANS- 
ACTION ROWS when the control lock slide is in 
the registering position. 

Special counter link 21A1366 (fig. 11-21) is 
connected to drawer control cam 21A1359, which 



is positioned by the transaction row link arm 
line. The front end of the link is connected to 
the selection plate shaft (fig. 11-21). The special 
counter selection plates which, control addition 
on the special counters when the control lock 
slide is in the registering position are pinned 
to the selection plate shaft, and they are po- 
sitioned by the mechanism just described in 
such manner that a low spot is over the feeler 
of the' special counter which corresponds to the 
key in use in row two. 
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A low spot in the selecting plate over the 
special counter feeler allows the feeler to move 
TOP to FRONT when the feeler stop shaft moves 
to the back as the handle is turned l/2 turn. 

The upper end of. the counter feeler link 
(fig. 11-21) is attached to the front end of the 
special counter feeler, and the lower end of the 
link has a stud which extends to the right 
through an elongated hole in the special counter 
idler arm, and then over a DWELL in the special 
counter operating arm. As the special counter 
moves TOP to FRONT, the counter feeler link 
moves DOWN and the stud in the link enters 
the dwell in the special counter operating arm 
to set up a condition for that counter to add. 

When a high spot on the selecting plate i^s 
positioned over the special counter feeler (fig. 
11-21), the feeler cannot move TOP to FRONT 
far enough for the stud in the counter feeler 
link to enter the dwell in the special counter 
operating arm and the counter therefore does 
not add. 

DISASSEMBLY 

Disassembly of a Class 21 cash register is 
explained in the following paragraphs. Refer to 
applicable illustrations in this chapter as you 
study the procedure, step by step. 

1. Remove the ribbon assembly and the lower 
printer support plate (fig. 11-9), NOTE; When 
you do this work in an instrument shop, refer 
to the manufacturer's technical manual for the 
machine. 

2. Remove the feed roller support plate and 
the receipt feed roller. 

3. Take off the receipt and detail supply 
roller hubs and the detail receiving roller, 

4. Remove the printer unit by: (a) unhooking 
the back end of the type wheel drive segment 
links and pushing the links to the front, and (b) 
by removing the four screws which hold the unit 
to the left side frame, 

5, Unhook the upper end of the link con- 
nected to printer selecting plate 21A2487. Re- 
move the clip which holds the selecting plate on 
the stud and turn the selecting plate TOP to 
BACK until it clears the printer operating cam 
and then remove it, 

6, Remove printer selecting plates 21A2164 
and 21A2160 and the ON-and-OFF arm, 

7, Remove the detail impression plate. 

8, Remove the receipt feed gear, the re- 
ceipt receiving roller ratchet, and the receipt 
feed plate, CAUTION: Protect the feed pawl 

^ Rorings. 



N 9. Turn the handle of the register one and 
l/2 turns and then remove the screw in the left 
end of the cam line. Hold the feed arm and the 
receipt impression feeler down in the back and 
remove the impression arm and the printer 
operating cam at the same time, 

10. Remove the type wheel liner arm and 
the ribbon operating plate; then remove the 
detail impression feeler. 

11. Slide the feed arm out slightly and re- 
nriove the receipt feed segment and tlie detqil 
control arm. 

12. Remove the feed arm and the receipt 
impression pitman. 

13. Take off the printer selecting plate (21A- 
2171) and the feeler restoring plate. 

14. Unhook the spring on the detail paper 
feeler and turn the detail feed plate TOP to 
FRONT and remove the feeler. 

15. Remove the detail receiving i^oUer ratchet 
and the detail feeding plate. 

The disassembly procedure for the printer 
unit is as follows: 

1. Remove the detail impression rubber 
holder, the segment liner, and the roller re- 
lease cam, in the order listed. 

2. Unhook the springs and remove the spring 
shaft. 

3. Remove screws from the printer sup- 
port plate and the clip from the stud in the 
plate which holds the AMOUNT impression yoke. 
Then remove the printer support plate, 

4. Remove the amount and date impression 
rubber holder and the date setting knobs. 

5. Remove the electro and printer support 
plate (21A2129). 

6. Take out the type wheels and the type 
wheel shafts (receipt and detail), NOTE: Keep 
type wheels on the shafts. 

7. Remove the date wheels and their drive 
pinions, and then the tj^e wheel drive segments. 

To remove the special counters, do the fol- 
lowing: 

1, Remove the screws from the sides of the 
counter turn back shaft brackets. Then take 
out the tiTinnion from the left end of the counter 
turn back shaft, and remove the turn back wheel 
and gears. NOTE: Do NOT remove the pin from 
gear 21A180151, Slide the turn back shaft to the 
right, and also the trunnioo on the right end of 
the shaft. Then operate the register until the 
special counter Idler arms move to the back 
and remove the turn back shaft assembly. 
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2. Unhook and remove the reset counter 
feeler link. 

3. Unhook the front end of the special counter 
drive link and slide the trunnion on the right 
end of the counter operating shaft to the left, 
then slide the entire shaft to the right and re- 
move it. 

4. Remove the trunnion on the right end of 
the special counter feeler shaft and take out 
the shaft. 

5. Remove the trunnion on the right end of 
the selecting plate shaft and then remove the 
shaft. 

NOTE: Reverse the disassemoly procedure 
just described for rebuilding a special counter 
assembly. 

REASSEMBLY 

To reassemble a Class 21 cash register, 
proceed as follows: 

1. Replace the detail feeding plate and the 
detail receiving roller ratchet. 

2. Insert the detail paper feeler and hook 
the spring. 

3. Install the feeler restoring plate and the 
printer selecting plate, 

4. Replace the receipt impression f( eler and 
the feed arm. 

5. Insert the detail control arm and the re- 
ceipt feeding segment. 

6. Replace the detail impression feeler, the 
type wheel liner arm, and the ribbon operating 
plate, in order. 

7. Install the receipt impression pitman, 

8. Turn the handle one and , .1/2 turns and 
replace the printer operating ca^Ti and the im- 
pression arm (at the same time). 

9. Replace the detail impression. plate, the 
ON-and-OFF arm, and the printer selecting 
plates. 

10. Replace the printer unit. CAUTION: Be 
sure the stud in the ribbon feed operating link 
is back of the segment liner drive arm. 

11. Replace all remaining parts of the ma- 
chine. NOTE: When you replace the ribbon 
assembly, n\ake certain that the stud on the 
ON-and-OFF yoke is in the elongated hole in 
the ON-and-OF F arm. 

The procedure for rebuilding the printer 
unit follows: 



1. Replace the type wheel drive segments. 

2. Insert the date wheels and their drive 
pistons. 

3. Install the printer support plate and put 
the timing rod through the type wheel drive 
segments. 

4. Remove the detail type wheels from the 
type wheel shaft. Then start the type wheel 
shaft and the type wheel timing rod through the 
support plate and replace the type wheels one 
by one. 

5. Replace the receipt type wheels in the 
same manner as you replaced the detail type 
wheels. NOTE: If you can insert a timing rod 
in all three receipt and detail type wheels and 
the t5^e wheel drive segments as you reassem- 
ble them, they are in TIME. 

6. Replace the detail impression rubber holder 
and the AMOUNT and DATE impression rubber 
holders. 

7. Install printer support plate 21B2530 and 
the segment liner. 

8. Replace the spring shaft and secure the 
springs. 

9. Install th'e date setting knobs. CAUTION: 
Be certain the date on the printing line cor- 
responds to the date indicated by the date set- 
ting knobs. 

ADJUSTMENTS 

Some of the adjustments you will be required 
to make on Class 21 National cash register 
are: 

1. Receipt feeding adjusting plate (21A2262). 
— Be sure that you have a clearance of 1/32 inch 
ONLY between the receipt feeding segment and 
the receipt feeding adjusting plate when it is in 
the rest position. TOO MUCH clearance allows 
the segment to cock the receipt feeding me- 
chanism for SHORT feeding, even though a HIGH 
spot on the selecting plate was positioned over 
the receipt impression feeler. The small teeth 
on the receiving roller ratchet and the feeding 
pawls are responsible for such action. 

2. Receipt feeding adjusting plate 21A2990. 
—Receipt feeding plate 2iA2990 is properly ad- 
justed when the receipt paper feeds l/4 inch 
during multiple-item operations. 

3. Receipt feeding stop plate 21 A2261. — The 
receipt feeding stop plate is secure:' t:: the left 
side frame by screws and it stops the cocking 
movement of the receipt feeding segment on all 
LONG feeding operations. It is properly ad- 
justed when the receipt paper feeds one and 7/8 
inches on a single-item (CASH 1) operation. 
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4, Amount and electro impression rubber 
holders, — The receipt impression cam works 
on rollers in the amount and electro impz^ession 
rubber holders. The rollers are assembled on 
eccentric studs, and you can increase or de- 
crease^ the impression on the z^eceipt by tui^ning 
this stud (secured with set screw), 

5, Receipt impression pitman, — The HOME 
position of the i^eceipt inipz^ession pitman is de- 
termined by two impression pitman locating arms. 
So adjust the eccentric between the upper ex- 
tensions of the arms so that the cleaz\uzce be- 
tween the edges of the opening in the pitman 
and the stud in the imprest^^'o^-; a' -n is equal 
above and ))elow the stud when the receipt 
impression feeler is on a LOW spot in the 
selecting plates. 

If you adjust the pitman in this manner, 
there is no likelihood that the corners of the 
opening in the pitman will catch on the stud in 
the impz^ession ai^m when the pitman moves to 
the front of the machine, 

6, Special counters, The speci?.! counter 
drive arm has three adjustment positions, which 
feature enables you to adjust the amount of cai^ry 
for the counter wheels. The stud in the special 
counter drive link is noz^mally in the UPPER 
position. If more carry is required in the special 
counter wheels, move the stud to the MIDDLE 
or LOWER position, as z^equired by the amount 
of additional carry necessary. 

For additional information i^elative to. ad- 
justments of the Class 21 National cash register, 
or any other information, refer to the manu- 
facturer's technical manual for the machine. 



BURROUGHS CASH REGISTER 

The Burroughs adding machine can be used 
as a cash register when converted as shown in 
figure 11-22, A Burroughs Series PlOO or P300 
adding machine mounted on a cash drawer and 
equipped with a paper rewind device makes a 
good general-purpose cash register. The P300 
machine provides totals of individual sales lor 
a specified period and a gross total of sales at 
the end of the period. 
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Figure 11-22 Bui^i^oughs cash register. 



machine only to the extent required to accomplish 
the task. As with other ofi.^e machines, adding 
machines should be disassembled in proper oi^der 
and in accoi^dance with insti^uctions in the manu- 
facturer's technical manual. You should have no 
difficulty in disassembling a specific machine 
if you follow the manufacturer's instructions. 
As you gain expeinence, disassembly will be 
come easier. 

The cleaning pi^ocess for adding machines 
is essentially the same as for typewriters. All 
paints which are not damaged by i*ecommended 
solvents and cleaning solutions can be* left on 
the machine when it is submerged in cleaning 
solution, or put in a cleaning machine. Elec- 
trical and rubber parts are damaged by clean- 
ing agents and must NOT be put in solutions 
used for. cleaning metal paints; Clean mbber 
paints with a clean cloth and denatured alcohol. 



ADDING MACHINE. ADJUSTMENTS 




ADDING MACHINE DISASSEMBLY 
AND CLEANING 

When ad jus ting , /_ . clfeani ng , or repairing an 
adding machine, be sure you disassemble the 



The following section describes adjustments, 
to the Bui'roughs Series P400 adding machine. 
Before you continue, review the part of chapter 
16, Instrumentman 3/2, which describes the me- 
chanisms of this adding machine. 
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A. Slide to limit bail 

G (actuated by 
total key) 

B. Slide to limit bail G 

(actuated by total 
and subtotal keys) 

C. Stud on bail G 



D. Space control arm 

E. Space control link 

F. Actuating arm for 

bail G 

G. Bail 

H. Jump total spacing 

lever 
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Figure 11-23.— Form spacing mechanism. 



FORM SPACING MECHANISM 

The following adjustments of the form spacing 
mechanism are necessary to prevent 5/6*' spac- 
ing: 

1. When the jump total spacing lever H (fig. 
11-23) is moved forward, its hooked portion should 
have minimum clearance under the lip of the 
space control arm D. To make proper adjust- 
ment, move or form the limit bail G. 

2. When the machine is operp.ting with the 
total key depressed and the jump total spacing 
lever H is in its forward position, the lip on 
the forward end of the space control arm D 
should . have full hold on the hooked portion of 
the jump total spacing lever H. To adjust, bend 
the lip on the forward portion of the space con- 
trol arm D. 



To prevent 5/6" spacing during listing when 
the adjustable form space lever is in- a position 
other than No. 5, make certain that the lip on 
the fore part of the limit bail G has minimum 
clearance over the step on the rear portions of 
the slides A and B actuated b}' the total key and 



the total and subtotal keys. To adjust, bend the 
front portion of the limit bail G. 

ERROR KEY MECHANISM 

All keys should be free when you fully de- 
press the error key (fig. 11-24). If adjustments 
are necessary for all columns, open or close 
the slot in the error arm D. To adjust individual 
columns, bend the upright projections on the key 
release bail. 

The lips on the latching arm must clear the 
steps on the motor bars when the error key is 
fully depressed, to ensure release of the motor 
bars when the error key is depressed. To make 
proper adjustment, bend the upright projection 
on the right end of the key release bail F. 

REPEAT KEY INTERLOCK 

To ensure DISENGAGEMENT of latch I (fig. 
11-25) from lip C, there should be a clearance 
of approximately .010" between lip C and the 
upper portion of latch I. You can make an ad- 
justment to get this amount of clearance by 
bending the lowest part of If^.tch I. 
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A. Locking strip 

B. Error key stem 

C . Key stem re- 

storer spring 

D. Error arm 



E. Rocker arm controlling 

locking strip in 
column 0 

F. Bail which releases 

keys from error key 
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Figure 11-24. — Error key mechanism. 



To ensure proper latching of the interlock 
E (fig. 11-26) there should be a clearance of 
approximately .010^' between the lip of the 
interlock and the stop on the latch which limits 
the interlock. Bend the tail of the interlock 
TO or FROM the lip of the slide (F) to get the 
correct amount of clearance. 

To ensure engagement of the interlock with 
the channel bail (J) (fig, 11-26) during a forward 
stroke (total key depressed), the latch (I) which 
limits the i^iterlock (E) should be moved far 
enough by the stu<i on the segment arm to re- 
lease the interlock ana to permit it to engage the 
channel bail. To make proper adjustment, bend 
the inner tail of the latch which limits the inter- 
lock (E) to get earlier contact with the stud on 
the segment arm. 

MOTOR BAR AND CONTROL KEY 
INTERLOCKS 

Adjustments of the motor bar and control 
key interlocks are as follows: 

• 1, To ensure actuation of the indexing me- 
chanisms by the motor bars, B or E (fig,ll-127) 




A. . Repeat arm F, 

B. Stud on arm D 

C. Lip on arm D G* 

which Is 

engaged by 

iatch I H. 

D. Arm which blocks 

travel of stud E I. 

E . Stud which limits 

on arm D. 



Register selector 
control lever 

Lip which' blocks for- 
ward movement of 
index bar in column 0 

Roller on secondary 
mechanism 

Latch which holds 
arm D in the raised 
position 
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Figure 11-25. — Repeat key interlock. 



before tripping the clutch, the clutch should be 
tripped from slow depression of the minus bar 
B after it has been latched down by the lips 
W on the latching arm X, To adjust, bend 
the foremost finger on the intermediate motor 
bar F, 

2, To make certain that the indexing mecha- 
nisms are actuated by the operation control 
keys, before tripping the clutch, the clutch 
should be tripped from slow depression of speci- 
fied operation control keys after the keys have 
been latched down. To make proper adjustment, 
bend the finger on the intermediate bar F which 
the operation control key contacts. 

3, In order to. safeguard against simultaneous 
depression of a motor bar and anoperation control 
key, there should be a clearance of about .010'* 
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A. Belle rank 

which actuates 
slide F 

B. Subtotal key 

stem 

C. Belle rank 

which actuates 
slide F 

D. Stud on 

slide F 



G. 
H. 
I. 



Interlock which blocks 

movement of channel 

bail J 
Slide which controls 

interlock E 
Stud on segment arm H 
Segment arm 
Latch which limits 

interlock E 
Channel bail 
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Figure 11-26. — Blocking of repeat total 
operations. 



between the rear surface of the lowest portion 
of the motor bars (B & E) and the formed ears 
of interlock P when the motor bars are slowly 
depressed. To adjust, bend the U form on the 
rear portion of interlock P. 

4. To avoid misoperatlon .or a locked ma- 
chine from a partial depression of the repeat 
key during plus operations, there should be a 
clearance at stud T on the key restoring arm 
over the upper point of the interlock (S) which 
limits rearward motion of stud T during a ' 
machine operation with either a motor bar or. 
an operation control, key latched down. To ad- 
just, bend the forward portion of the arm Q 
which actuates the interlock. 

5. To ensure release of the motor bars dur- 
ing machine operations, lips W (latches) on the 
latching arm X for plus and minus bars should 



be moved far enough forward to clear the steps 
on the motor bars when the machine is operated. 
To make proper adjustment, bend the lip on the 
forward portion of the latching arm. 

SYMBOL INDEXING MECHANISMS 

The following checks and adjustments of in- 
dexing mechanisms are important: 

1. To ensure proper location of the adding 
rack in column 00 (to permit proper aligning 
shaft engagement when the register selector 
lever, B (fig. 11-28) is in the AB position) , the 
adding rack in column 00 should be so positioned 
that it permits the aligning shaft to move into 
the tooth spaces of the adding rack with mini- 
mum upward or downward movement of the 
adding rack. To get this type of adjustment, 
weave the upper right end of the adding rack. 

2. To safeguard against the printing of a 
symbol in column 0 when the PLUS motor bar 
is depressed, there should be minimum clear- 
ance between lip M and projection N (fig. 11-29) 
when the plus motor bar is slowly depressed. 
To adjust properly, bend lip M. 

3. To prevent the printing of a symbol in 
column 0 during REPEAT-PLUS operations, there 
should be minimum (non-binding) clearance be- 
tween lip Z (fig. 11-30) and projection Y when 
lip Z is manually raised. To adjust for proper 
clearance, spread or close the U slot in the 
arm which contains lip Z. 

4. To ensure blocking of the index bar in 
column O when the repeat key is not fully de- 
pressed, the lower edge of lip Z (fig. 11-30) 
must be aligned FLUSH with the LOWER edge 
of projection Y when key stem W (fig. 11-30) 
is manually held depressed. To make this ad- 
justment, bend lip Z up or down, as necessary. 

5. To make certain that the forward move- 
ment of index bar E (fig. 11-31) is blocked by 
key stem AK, there must be minimum clearance, 
between the rear part of key AK and the front 
edge of projection AM vAxen key AK is slowly 
depressed. To adjust, bend the lowest portion 
of key stem AK. 

6. Projection AP (fig. 11-32) must have full 
lateral hold on key stem AO during the forward 
stroke of a plus total operation. Make proper 
adjustment by weaving the adding rack (column 
0) up and down. This adjustment is necessary 
to get stoppage of the forward travel of the index 
bar F (column 0) during plus totals, 

7. The adding rack in column O must be coi^- 
rectly located to permit proper aligning shaft 
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A. 

B. 
C. 

D. 



E. 
F. 

H. 



I. 

J. 

K. 

L. 
M. 

N. 



Stud on minijs bar which 

actuates interlock D 
Minus motor bar 
Stud (on minus bar) which 

lowers the intermediate bar (F) 
Interlock which prevents 

simultaneous depression of 

plus and minus motor 

bars 

Plus motor bar assembly 
Intermediate motor bar 
Lip (on motor bar assembly) 

which actuates intermediate 

bar F 

Bellcrank which actuates 

slide M 
Stud on slide M 
Bellcrank which actuates 

slide M . 
Stud on slide M 
Slide which actuates 

link N 

Link connecting slide M and 
interlock P 



P. 



R. 



U. 



w. 

X. 



Rear plus bar 

Interlock which presents de- 
pression of motor bars when 
total keys are depressed 

Arm which actuates inter- 
lock S 

Interlock which prevents 
snap depression of the 
plus bar during minus 
operations 

Interlock which limits 
rearward movement of 
stud T 

Stud on key restoring 
arm 

Interlock which prevents 

snap depresdion of 

minus bar during plus 

operations 
Spring which actuates 

interlocks R and U 
Lips on latching arm X 
Latching arm for plus 

and minus bars 



Figure 11-27. — Motor bar and control key interlocks. 
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Figure 11-28. — Register A and/or B ac- 
cumulation. 



engagement during minus balance totals, with 
the machine, in the minus balance position and 
during the forward sti^oke (total key depressed). 
To get proper location of this adding rack, tip 
AR (fig. 11-33) must limit travel of the adding 
. rack to allow the aligning shaft to move into the 
tooth spaces of the rack with minimum upward 
or downward movement. To make proper ad- 
justment, check slide AV for freedom of action 
and then bend lip AR forward or rearward, 
as necessary, 

8. The adding rack in column 0 must also 
be correctly located to permit proper aligning 
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Pigure 11-30, — Prevention of symbol printing 
in column 0, 



shaft engagement during minus balance sub- 
totals (machine in minus balance position, sub- 
total key depressed). Stud AW (fig, 11-34) must 
therefore limit the fo™ard travel of slide AV 
as necessary in order to limit travel of the 
adding rack in column 0 to give the aligning 
shaft an opportunity to move into the tooth spaces 
of the adding rack with minimum upward or down- 
ward movement of the adding rack. Adjust by 
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Pigure 11-29. — Symbol index blocking by plus Pigure 11-31, — Action of non-add key on index 
motor bar, bars in columns 0 and 00, 
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Figure 11-32. — Limitation of index bar in 
column 0 by the total key. 



bending lip AR forward or rearward, as neces- 
sary, and then re-check for the condition stated 
in No. 7. 

TOTAL KEYS INDEX HAMMER BLOCK 
MECHANISM 

Make the following adjustment on the hammer- 
lock mechanism (fig. 11-35); To ensure full 
movement of bail F when a total key is de- 
pressed, there should be minimum clearance 
between the lowest finger on bail J and the roll 
on the rischt end of bail F when either the total 
or subtotal key is latched depressed. To get 
proper clearance, bend the lip on bellcrank A» 
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Figure 11-33, — Limitation of forward travel of 
index bar in column 0 by lip on slide AV. 
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Figure 11-34. — Control of travel of index bar in 
column 0 by slide AV. 



INTERMEDIATE INDEXING 
MECHANISM 

There are six tests and adjustments which 
you should make on the intermediate indexing 
mechanism (fig, 11-36): 

1. In order that you may be able to get the 
Correct starting point for making the next two 
adjustments, position the upright, right-angled 
arm of the retaining bail for guide S auJ limit 
plate L to its full limit toward the adding racks. 
Have the machine resting on the rear edges of the 
accumulating frames when you make this ad- 
justment, by loosening screw N and positioning 
bail K. 

2. Be sure that guide S limits against the 
left side frame, so that you will have correct 
alignment of the adding racks with the adding 
pinions. To make proper adjustments, loosen the 
two screws (M) and position the guide. 

3. Make certain that plate L has a snug, 
non-binding limit against the lowest part of the 
adding racks when the handle is in the normal 
position. This limitation is essential to safe- 
guard against a point-to-point lock of the adding 
pinions and the adding racks and. tripping of 
carries when adding No. 9. Make proper ad- 
justment by loosening the two screws (M) and 
positioning plate L. 

4. Brace G must be held rigid in a fixed po- 
sition. In order to hold it in this manner, bend 
the lips on its upper portion, as necessary, 

5. To guard against excessive upward move- 
ment of the adding racks in columns 1 and 2, 
you must have a snug, non-binding fit between 
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A. Beiicraiik which actuates bail J 

B. Finger ol bail J. 

C. Bellcrauk which actuates slide I 

D. Total key stem. 

E. Bellcrank which actuates slide I 

F. Bail \yhich indexes hammer 

latches (G) 

G. Kamnier latch 



H 
I. 



L. 



Roll on hammer latch 
Spring which actuates 
ball F 

Bail which holds bail F 
in normal position 

Lip on slide L 

Slide which actuates bell- 
crank A 



Figure 11-35. — Total keys index hammer block mechanism. 
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the fingers on brace G and the clips (A) which 
retain the index bars. Adjust as necessary by 
bending the fingers. 

6. Prevent excessive upward movement of 
the adding racks in columns 8 through 13 by 
bending the fingers on brace C, as required, to 
get a snug, non-binding fit between the fingers 
on brace C and the No. 8 projections of the index 
bars, and also during the return stroke with the 
No. 9 listing keys indexed in columns 8 through 
•13. The No. 8 projections of the index bars 
must clear beneath the fingers on brace C to 
permit correct positioning of the cipher stops. 

REGISTER SELECTOR MECHANISM 

Adjustments on the register selector lever 
(fig. 11-37) are: 

1. Align lever H (fig. 11-37) centrally in the 
slot of the upper keyboard plate, and see that it 



is free on bushing G. This adjustment can be 
made by bending lever H, and it is necessary 
to permit free movement of the register se- 
lectov lever. 

2. Bend the front portion of lever H up or 
down, as necessary, to ensure that the forked 
end of lever H is not in the path of the lower 
shaft of the key restoring rack assembly during 
the forward stroke of an operation (with lever 
H in any of the three operating positions).. 
This adjustment prevents a handle break when 
the register selector lever is correctly located 
in any position, and also when it is partially 
shifted. 

3. Bend tha offset tail of latch K to get 
correct timing for the release of link assembly 
J. The offset tail of latch K should be aligned 
centrally with the foremost part of the dashpot 
actuating arm assembly. Latch K should also be 
moved from under stud L immediately after the 
full stroke pawl enters the first notch of the 
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Figure ] 1-36. — Intermediate indexing mechanism. 
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Figure 11-37. — Register selector mechanism, 
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full stroke segment during the forward stroke 
of a machine operation* 

4. To safeguard against a false normal limit 
of the machine's main drive assembly, there 
must be a clearance of approximately .015*' 
between roll N and arm M (fig. 11-37) when 
link J is held up manually. You can make proper 
adjustment by loosening the brace under arm 
M and bending arm M up or down. Then re- 
position the brace as required to get a snug 
fit to the underside of arm M. 

5. In order to have equal alternating throw 
of the register selector lever, with the register 
selector lever control key released and the 
machine operated slowly during the return stroke, 
lever H should have equal alternating throw in 
the slot of the upper key]X)ard plate. Adjust 
by bending the upper arm of lever H to stud I. 

6. Aim D should be so adjuster"- that it re- 
verses positions. To adjust, loosen the two 
screws which retain limit arm F and raise or 
lower the back portion of arm F. Link J should 
have enough downward movement during the for- 
ward stroke of an operation to permit the roll 
on arm D to clear the bottom of slide 0 by 
about *010 inch. 

7. In order to ensure full resotration of 
slide O, it must move to its highest position 
when key AA is slowly released. Adjust slide 
O as necessary to give it freedor ^ and also 
check the condition of the slide x'estoration 
spring. 

REGISTER MESHING CONTROLS 

Make the following adjustments on the regis- 
ter meshing controls (fig. 11-38): 

1» Check for a clearance of approximately 
.005*^ between stud K and the forward finger of 
the upper assembly, and also between stud D and 
the forward finger of the lower assembly. This 
amount of- clearance is essential to prevent a 
falso limit of, segment G» To adjust properly, 
bend the forward fingers of the upper and lower 
assemblies, as necessary. 

2. Test the lateral hold of studs K and D 
on the forward fingers of the upper and lower 
assemblies. During the return stroke of an 
operation, the hold of the studs on these fingers 
should be FULL in order to move registers 
A and B out of mesh (with lever AG in the AB 
position). Adjust as necessary by bending the 

forward fingers of the upper and lower as- 
semblies. 
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L. 
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Figure 11-38. — Register meshing controls. 



3. When lever AG is in the A position, there 
should be about l/32" clearance between stud 
F and the lower pav/1 at point AE {fig. 11-39) 
as segment G moves downward during the return 
stroke of an operation. This amount of clearance 
is necessary in order to prevent the rieshing 
of register A durir.g a return stroke when lever 
AG is in the B position. Adjust by bending the 
lowest portion of arm AC. 
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Figure 11-39. — Meshing and unnieshing of 
register A during a retui^n stroke. 



4. To safeguard against the meshing of reg- 
ister A c?uring the i^eturn stroke of an operation 
when lever AG is in the B position, there should 
be a clearance of about 1/32" between stud H 
and the upper pawl at point AA (fig. 11-40) as 
segment G moves down during a return stroke. 
To get proper clearance, bend the uppermost 
finger of arm AC. 



K H £ AA AB 
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Figure 11-40.— * Meshing and unmeshing of 
register B during c return stroke. 
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Figure 11-41, — Non-add mechanisni. 



NON-ADD MECHANISM 

Tests and adjustments which you should make 
on the non-add mechanism (fig, 11-41) consist of 
the following: To prevent the adding of amounts 
in registers A and B during non-add operations, 
with the non-add key depressed, there should be 



no less than .010" cL^arance between, stud D and 
pawl P (also between stud O and pawl N) as 
segment P moves downward during a return 
stroke. Make proper adjustment by bending the 
finger on the rocker arm (E) to increase the 
clearance between stud D and pawl B, and by 
bending finger J to increase the clearance be- 
tween stud O and pawl N. 

SUBTRACT MECHANISM 

Make the following tests and adjustments on 
the subtract mechanism, as necessary: 

1. Eliminate sideplay in the upper and lower 
shaft assemblies by loosening the lock nut (B, 
fig. 11-38), and turning the adjusting screw. 

2. Bend the hooked parts of the bellcranks 
R (fig. 11-42) as necessary in order to get a 
clearance of alx^ut .010" with the left side of 
their rocker arms. Make this adjustment with 
the upper pinions in the ADD position, springs 
A uiiliookeds and studs Q held against the right 
side of the forked portion of arm I. This ad- 
justment prevents partial shifting of the pinions 
when subtraction takes place. 

3. With registers A and B in the ADD posi- 
tion, bend the lower arms of the bellcranks (R) 
as necessai^ to get a clearance of .005" of the 
bellcranks under links AB and AE when bail E 
is manually held completely rearward. 

4c. To ensure correct indexing of the sub- 
tract mechanism, bend the outward arm of bail 
E as necessary to have the high point of the 
camming portion of the bail on the center of 
the stud on assembly AC when the minUs bar is 
depressed. 

5. Adjust the forward edge of the inner arm 
bail (E) as required in order to have it limit 
against the post in the side frame when the 
minus motor bar is in the normal position* Ad- 
just by bending the lower finger on the bell- 
crank which actuates bail E, 

6. Bend the arms which rock the bellcranks 
(R) to the jextent necessary to have equal clear- 
ance of the arms on either side of the spear 
points "(G) when the adding* pinions are fully 
meshed with the adding racks during the re- 
turn 'stroke of minus and plus operations. 

REGISTER CARRY MECHANISM 

The following adjustments of the carry me- 
chanism (fig. 11-43) of a Series P400 adding 
machine are essential: 
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Figure 11-42. — Subtract mechanism. 
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Figure 11-43. — Carry mechanism for registers A and B. 
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Figure 11--44. — Minus balance mechanism. 
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Figure 11-45, — Total timing mechanism. 
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1. Bend the carry pawls (3) (fig. 11-43) as 
necessary to give them approximately ,005" 
over-all side play, and then centrally align 
them in the slots of guide A. 

2. Bend carry pawls C as required to give 
them about .005" over-all sideplay, and align 
them centrally in the slots of guide D. They 
must also be TREE on the studs in the upper 
pawls. 

3. Open or close the U form of latches E 
to the extent required to kee]) sideplay at .010 
inch. This amount of sideplay ensures correct 
normal and initial carry positions for pawls 
B and C. 

4. To ensure free movement and proper 
alignment of the carry racks, make certain 
that their sideplay is not over .010 inch. 

5. Open or close the U form of latches H 
to give them between .010'* and .015'' of side- 
play. These latches must have proper alignment 
and freedom of movement. 

6. The upper and lower adding pinions must 
have FREE movement in order that they may 
spin. \Vlien their bushings become worn and 
interfere with movement, replace them. 

7. Weave the bail which holds the adding 
pinions in position as required to Safeguard 
against a point-to-point locking of the adding 
pinions with either the adding or carrying racks. 

8. Bend the lips of the bail which holds the 
adding pinions in position to the extent neces- 
sary to give the upper edge of the bail alx^ut 
.010" clearance below the point of the teeth 
of the lower pinions when tliey are meshed With 
either-the adding or carrying racks. 

9. As a precaution against over and under 
additions, bend the lip on the lowest part of the 
lower carry pawl to ensure NOT LESS THAN 
.008'* and NO MORE THAN .0l2" clearance 
between tne lip on the lowest part of the lower 
pawl and the lower leg of the carry rack latch, 
when the accumulator is in its normal position. 

MINUS BALANCE MECHANISM 

Adjustments on the minus balance mecha- 
nism (fig. 11-44) as follows: 



1. Weave bail F as necessary to have the 
steps on its right and left ends parallel to the 
lips on the carry rack in the first and last 
columns. 

2. Weave bails S and/or T to the extent 
required to have a clearance of .010" between 
the front ends of the slots in slides A and B 
and the stud containing screw C when the stud 
in detent arm O is seated in the rear pocket 
of detent P. 

3. Bend the forked portion of latch J as 
necessary to give it a ^safe hold on the stud of 
bail L, This adjustment is necessary in order 
to have latch J raised in preparation of an auto- 
matic one. 

4. To ensure maximum upward travel of carry 
rack K, tilt the stud on the rear part of arm 
i\I as required to get a clearance of approximately 
.010" between the stud and its rear portion and 
brace LI and carry rack K moves up into a car- 
ried position. 

TOTAL TIMING MECHANISM 

Tests and adjustments for the total timing 
mechanism (fig. 11-45) are as follows: 

1. To prevent lip A's interference with the 
normal forward movement of slide B, bend tail 
L to or from stud K to the extent necessary to 
get a clearance of about .010" between the upper 
edge of lip A and the lower edge of slide B after 
slide B moves forward from a depression of 
either total key. 

2. Lip A must block forward movement of , 
slide B in order to block the result keys. Lip 
A ^should have normal binding clearance with 
the forward edge of the step in slide B when 
arm Q is raised or lowered manually. To ad- 
just, bend lip A. 

3. Bend finger D TO or FROM roll E, as 
necessary, to safeguard against premature de- 
pression of the total keys. When the machine is 
normal, there shoved be a clearance of approxi- 
mately .005" between lip I and the lower edge of 
slide F. 
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APPENDIX I 

REPORT OF CALIBRATION FOR DEADWEIGHT TESTER 



DEPARTMENT OF THE NAVY 
U. S. NAVAL WEAPONS QUALITY ASSURANCE OFFICE 
WASHINGTON, D.C. • 20390 

iSabp gjtanbarti? laboratorp 
EBport of Calibvatiou 

FOR 

DEAD l^IGHT TESTER 



SUBMITTED BY; 

Manufacturer: Atnt/ioc Ttstin.^j In6trui;ent -Cornpaay, Brooklyn, tTev YorT: 
Mfr Model No: 472- 'jV' 
Mfr Ser No : j^q^^^ 

Range: ioo to VSl . Nominal .Piston Size: 0.0123. oq. in. 

The attached discussion of errors of dead weight gage testers supplements this 
report, j./'..^ 

Mass of Weights arid'Pis ton(s) : The weights have been weighed with the results 
given in Table I. "^'e values given are on the ordinary commercial basis o]f ^ , ' 
apparent mass, as de^-termined in air, against brass standards; therefore ,\in 
calculating air btfoyancy corrections the weights should be assumed to haye a 
density of 8.4g/cm3. The tabulated values are correct to one part in 10,000. 

Effective Area ; The effective area of * each piston and cylinder combination 
was determined by direct comparison with one of the Eastern Standards Labora- 
tory piston gages. The two giges were connected together and the weight loiad 
on the standard was adjusted to achieve -a balance. Measurements were made at 
selected pressures throughout the .rangS of/ the test instrviment. The effective 
area (Ag) of the combination of piston and 'cylinder maybe expressed hy an *• 
empirical relationship of the form Ae = Ao* + BP where Ao is the effective area 
at zero pressure, and B represents the change of area with pressure as a 
result of elastic distortion. 



AMBIENT TEMP 20*C PREPARED BY: 

RELATIVE HUMIDITY i A5«f 

APPROVED BY: 

REPORT NO. M- 0003 -A t% U 

DATE 20 October 1971 . re$ubmi$$»on date 

NDW-QAO- 4355/64 (1-65) 
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DEAD ^^HilQlT TESTER 
Mfr Model No. A72-10K 
Mfr Ser No, 10572 



If the area is measured in square inches, the nominal pressure (P) in psi 
then the values of Ao and B which best fit the results of the test are: 



Ao = 0.0123626 sq. in. 

B = 3.5 X lO'^^ sq. in./rSI 



The reported area is the effective area at 20*^C, Tlie effective area at other 
temperatures may be calculated as indicated in the attached discussion of 
errors. The determination of effective area is correct to one part in 10,000. 



The resolution of the gage, i.e. the change in pressure from equilibrium 
which will cause the piston to rise or fall, was: 



0.0018 rSI throughout the range. 



•When using the tester considerable care should be taken- in leveling the 
r*^ instrument to reduce friction to a minimum, and corrections far- buoyancy, 
fluid head, temperature and gravity determined and applieu n^VTequired . 

Standards used by the Eastern Standards Laboratory are traceable to stand- 
ards maintained by the National Bureau of Standards or by the U. Navy. 
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Mochil Ko: 472-lOK 
Serial Ko: 10572 

Apparent Mi<s?^ vs 



P.S.T. 




Pourit'.r- 


1000 


1 


12.3725 


1000 


.2 


12.3715 


1000 


3 


12.3724 


1000 


4 


12.3722 
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1. INTRODUCTION * 



The dead voij^ht pioLon (also known as "dead weigbt gn[;c", "dead 

veight tester", "gagr^ tester", -"pressure b.alance" or "piston inanoin- 
eter") is one of the few instrunxnits that can be used to measure 
pressure in terms of the f undan^ental unit?, force and area. In prin- 
ciple, it is a piston inserted into a close fitting cylinder. Weights 
loadeO on one end of the piston are supported by fluid pressure . appl i ed 
to the other end. Construction of piston ?*ages varies as to method of 
loading, methods of rotating or oscillating the piston to r'^ducc fric- 
tion, and design of the piston and cylinder. Three designs of cylinders 
are commonly used; the simple cylinder with atmoypheric pressure on the 
outside; the re-entrant cylinder with the test .pressure applied ^o tlie 
outside as \^ell as the inside; and the controlled clearance, cylinder 
with an external jaclcet in which hydraulic pressure can be applie'd so 
as to vary the clearance between the piston and cylinder at will of the 
operiitor. In order to use the piston gage for the measurement of pres- 
sure, one must take into account" a number of parameters of the instrument 
and its environment. 

Error in measurement - resul ts from failure to account for the parameters 
or from the uncertainty of the measured values of them. It is obvious 
that error results from the uncertainty of the mass of the loading 
weights and the measuren\ent of the effective area of the .pii;t^Vl^ and 
cylinder. 

Other sources of error perhaps not so readily apparent include the effect 
of air buoyancy on the v?eights, fluid buoyancy on the piston, the value 
of local grav;it7, the force on the piston due to surface tension of the 
fluid, the thermal .expansion and elastic deformation of the piston and 
cylinder, and the fluid heads. These effects can be evaluated and cor- 
rections applied to' reduce the magnitude of overall error of the measure- 
ment. All of these factors will not necessarily be applicable in every 
measurement. The importance of each depends upon the design of' the in- 
strument, the environment, and the application'. For ^example, if a piston 
gage is used in work for which an accuracy of one-half of one percent- is 
adequate the nominal pressure (sDm of the denominations of the weights . 
loading the piston) may be taken as correct. However," the same gage, if 
of good design and maintained in good condition, is capable of measuring 
pressures with much higher accuracies ( to 1 part in 10,000 or better) 
by use of good operating technique and application of proper corrections. 

2, PRESSURE 



The pressure in any system may be defined ais P = where F ^ force and 
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A - iU'ca over which tbn force is ripplictl. V.'lu-ii n j>islon r.^r^c is in cqvii- 
libriiiui vith a preK<;uro r.yfitejj.- llic- proniiurc, P^, mcnsurrcl al the. piston 

Rai^c rcfcTi-ncc love I is P ~ -r"** vl'ierc V = the force due to tlie lonrl on 

the piston ;-ind = the of feet ive nrea of the pintbn z^FX' - The reference 
l?.vel is tl-.o level the bottom of the piston, v-'lierens the pressure to 
be mefisy^rcfd may he at another level v;iriiin n system connected to the pis- 
ton gage by a length ef tuhins iillefi vitii a pi-essure transmitting fluid. 
Correction niusL therefore be r.iade for the pressure difference due to the 
head of fluid betv:eu»n these points. If the total (absolute) pressure is 
to be determined the atniospherle pressure at the reference level of the 
piston gage "^must be added to t.he piston gcige pressure. Usually the pres- 
sure to be determined is the difference be tv:een the total Internal pressure 
of the system and the atmospheric pressure outside the system. If the 
pressure is to be measured at a level in the syBteiii markedly different from 
the reference level of the piston gage correction for the difference in at- 
■mospheric pressure at these levels must be applied (air head). 



3. FORCE ' . . 

•There are several quantities that: must be accounted for in the determination 
■ of l:he force (F ) acting upon the effective, area of the pi.^^lon. These in- 
clude the mass of the weights and piston^ the mass of the air displaced by 
the load, and the mass of the piessurC' fluid contributing to the load, the 
local acceleration due to gravity, and the force due to surface tension of 
the pressure fluid acting upon the circumference of the piston where it 
emerges from the fluid. 

3.1 Mass. of the VJeir,hts 

The mass of the weights, including the piston and all parts* which contri- 
bute to the load on the piston when in operation is determined by the Mass 
Laboratory of the ESL as apparent mass versus' brass standards. Therefore 
the vjeights should be assumed to have the same density as the brass stand- 
ards (8.4 grams/ cm^) 

The uncertainty quoted in the Report of CaHbration includes an allowance 
for possible instability of the values which may occur between calibrations. 

3.2 _7Mass of the Air (air buoyancy correction) 

The mass of air displaced by the load on the piston is the product of the 
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density of tlio nir and the vol u:;*e, of llic load. Tbc volume of the load 
should be. coninul ed from its dimpily and tlvi£i factor is in turn dopc-'ndcnt • 
on the nuuinor in vhicli the? values of the loadin[; v;eiBhts are reported. 
If reported in true masfi vnlue?; then tlie actual density of the woi£hts 
should bci used. If reporled as apparent masM, as is customarily the case, 
thon wei^^hts sl^ould bo assuuicd to have the same density as the bmss 
standards. If the design of the gaj^e permits the pressure fluid to con- 
tribute to the load on th.o piston an air buoyancy correction for the fluid 
contributing to the load should also be calculated foi* the most precise 
work. 

The density of the air at room temperature and sea level pressure is very 
nearly .0012 grams/cm-^. Under these conditions the mass of the loading 
weights will be reduced approximately one parj. in seven thousand. 

3-3 Mass of the Fluid (fluid buovancy ) 

3n certain instances the pressure fluid in which the piston is immersed 
contributes to the load on the piston. This fluid buoyancy correction 
may be either positive or negative, In practice the effective area of a 
piston gage is very nearly that of the mean of the cross sectional areas 
of the piston and the cylinder. Any metal extending beyond these limits 
displaces a volume of fluid wliose mass must be subtracted from the load 
on the piston and the mass of any fluid within these limits must be added 
to the load on the piston. This effect may be accounted for in either of 
two ways. One method is to compute the mass of the fluid contributing to 
the load and include it in the calculation of the force acting on the area. 
Alternatively, the reference level (level at vjhich the piston gage pressure 
is m'easured) may be shifted up or down from the lower end of the piston by 
an amount equal to the height of a column of fluid that will compensate for 
the mass of the fluid acting on the piston. Computation of the mass ol the 
fluid requires knowledge of its density. For Che portion of the , piston be- 
tween the top of the cylinder and the free fluid surface the djnsity will be 
that of the fluid at ar.mospheric pressure. However, foi: the portion of the 
piston below the cylinder the density will -be that of the fluid when, sub- 
jected to the measured pressure, P , and may not be easily determined. The 
problem is simplified if the buoyaRcy correction for the upper part of the 
piston is applied as a load correction and that for the lov7er part of the 
piston as a reference level change. The height of the reference level v;ith 
respect to the lower f>.nCi of the piston then becomes the difference be'tween 
the actual length of crhe piston below the cylinder and the length of a 
piston of uniform cross section of and .equal volume. When the actual 
cross section is larger than the reference level is below the lower end 
of the piston and v;hen it is smaller than A^ the reference level is above 
the lower end oft he piston. 
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3.4 ^'^ '^VjlX 

The profir.\ire clcvcloi)(.'d by a dead volglit piston cage is proportional to t.he 
local value of ^;ravil:y.. If tho latit'idc, 0,, and tine elevation above sea 
level, a, (in feet:) arc knovn fur Dio station^ the absol-'ute value of local 
gravity, g, in cm/sr:c'^ is givcm approximately by the formula: 

g = 980.616 - 2,5862 cok 20 4- .0058-cos^ 20 - .00009A* a 

Due to local anomalies the value of gravity at any location may differ 
substantially from that of the formula. Deviations in excess of 0.100 
cm/sec^ have been observed in some sections of the United Stctes. For 
the greatest accuracy, gravitymctcr observat ioiiS can be made on site by 
a survey team from the U. S, Coast and Gc^odetic Survey, the U. S. Geo- 
logical Survey or a private geophysical organization. 

The arbitrary standard for gvavity, although differing from the most 
recent determination by nearly 0.05 cm/sc2^, has been established by ex- 
tensive use to be 980. 665 "cm/scc2 at sea level and ^5^ latitude. There- 
fore the force (vjcight load) acting on the piston can "be obtained by 
multiplying the apparent mass by the factor: 

/ Loc al Gravity \ / ^ Air Density \ 

\ Standard Gravity/ \ " Brass Density/ 

Using the value of .0012 grams/cm-^ for the density of the air, 8.4 grams/ 
cm^ for, the d.cnsity of brass, and 930.665 cm/sec^ as the gravitational con- 
stant the force is equal to 0.980525 times the product of the apparent mass 
and the local value for gravity. 



3.5 Surface Tension 



The pressure correction .due to surface tension i's usually negligible, but 
may amount to more than 0.005 psi. The magnitude of the correction in 
pounds per square inch Triay be calculated from the surface tension of the 
fluid (pounds-force/inch^ times the circumference of the piston (inches) 
divided by the area (square inches) . 

For a typical piston gage of 10,000 psi range, with a simple piston of Aq = 
.0125 square inches which develop'^ a minimum pressure of 100 psi nominal 
and operated with aviat j.on instrument oil as the pressure fluid, the pres- 
sure equivalent . of the surface tension is .0054 psi (.00017 X'. 396331 
.0125). Thus this effect varies from .0057o at minimum pressure to .00005% 
at maximum pressure. 
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4 , ARKA 



For a <\c:\(l v.'ciji^ht piston y^p-i^o conr.octcci to a t][;ht systcMn so that die 
piston i.s falling sJov.-ly hccnusc of tlie lcakfi\iv of fluid past it, tlie 
effect ivr area approxi mnL cs ■ t lie avfrnge of thn cross section arens of 
the piston r-ind the bore of cy]jncUu:. TUe effective area is" af f ectod by 
temperature and. by tlic elastic distortion of the piston and cylinder 
vho I pressure is applied, 

4.1 Effective Area a t At mo s phf^ r i c Pressu re 

■The effective area nt the reference temperature and atmospheric pressure 
may be calculated from direct inea sure men ts of the d^'ameters of the piston 
and cylinder, or by cotnparinon with a -piston gage vjhose parameters arc 
known. 

4.2 Temperature Copfficient of Area 

The fractional change in effective area per unit change' in temperature is 
equal to the sum of tJie thermal coefficients of linear expansion of the 
piston and cylinder. The temperature of the piston and cylinder a^vorU- 
ing pre.ssure is usually assumed to be the same as that at the instr.ument 
base, or more conveniently^ the average temperature of Che laboratory in 
vhich the instrument is used. In fact^ the piston and cylinder are usually 
at a somevhat higher temperature tlian the rest of the instrument, but so 
many factors affect the actual temperature that calculat ion of the tern- 
'j^erature rise is unreliable, Uneortai.nty in-t can be kept within accept- 
able limits if the precaution is taken .to keep the:„speed._of _rotat,ion no. 
greater than is necessary to maintain lubrication (60 to 120 RPM) , 

4.3 Pressure Coefficient of Ar^a 



The distortion of the piston and cylinder under pressure depends, greatly 
on the design and inaterials and may either increase or decrease the effec- 
tive area by as much as a part in a thousand at ten thousand pounds per 
square inch. 

Tlie direct mear^uremont of so. ne .pistons and most cylinders is difficult to 
do with adequate accuracy, and calculations of the pressure coefficient 
are usually unreliable. It is, howsver, possible to balance ^a piston g<ige 
against another with higii precision, and v^hen the area and pressure 
coefficient of one are known the area and pressure coefficient of 
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t:lic! other can be dctcni;iiiu:ci . The usu::] njelhoc! iiiicd to ciili.lnvi tc 
piston f.iitv-P, ''ind th(? procedure e;v.pl.o>'r;d /it Lhe KSL^ ifi to v.-cij;h 
the load and Llicti dol.arr;.i.no the v.U.ues J.'or :jrea, and chan[',o in 
area vHh |)ro.sf.m-e by Lhe brilancini; (cror.s- f lonLinr*) method, 

/f.A Area Co f f f icirnt p f or Controlled Clenrance Ggtf;cs ' 

The pr('S£;ure coefficient of nren for controlled clearance piston gages 
is determined from the elastic properties of the piston by . a theoretical 
relationship of Poisson's ratio and Young's nroduJ.us. The fractional 
change in effective arefi v:ith unit change in jachvet pressure can be deter- 
mined e>: per'] men tally by varying the jacket pressure and measuring the re- 
sultant small change in measured pressure, P . The jacket pressuj-e necessary 
to reduce the clearance between the^ p is t.ori^'aRd cylinder to zero is usually 
determined from fall rate data. The senlsit'ivity of the instrumentation re- 
quired for these determinations is such as to make the measurements prac- 
tical only at the highe r echel on laboratories . Refer to the Report of 
Calibration for these values. 



5. FLUID IIFAD 

One correction vhich must alv;ays be considered vhen using a dead v?eight- 
piston gage, not inherent in the gage but arising from the test config- 
uration, is that, of a fluid head. It usually happcns'that the gage being 
tested or tl^e point at whicli tlie pressure is to be 'determined is not at 
the reference level of the piston gage. A correction must therefore be 
made for the p'ressure difference due to the head of fluid -beUreen these . 
points. VJhen oil is used as tlxe pressure fluid the correction V7ill be 
approximately 0.03.psi per inch of difference in the levels. , ' 

Tlie magnitude "of the correction may be determined from: 

AP = p^, hkgj 

where p^ = density of the fl-uid 

h = vertical lierght of the . fluid column measured from the refer- 
ence level the piston gage 

k = proport J onal ity constant for standard gravity 

g^ = local acceleration due to gravity 

and AP = the 'pressure difference (in pounds per square inch when 
is in ])ounds per cubic inch and h is in incht^s).- 
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Whoii llic point nt: u'hicii Liio picr>F;uro is L*o be- do t:«rmfnod , if; abcve the 
pj,s(.on i;.'ij;o i*uf< ronco level Die prcsr.uro i\t tlint point will bo Icsi^ Lhnn 
that sc'nf;c:cj by the pjfUon ^v^l^c^, 0^ ^-^ reduced by ^ P) and whor. the tcrt 
point is bclov; I lie it- J'lU cmicc levcl^^ nf the piston gnj^o the prc&^-ure v;ill 
be [^rciator than Pp. 

With larp^c Vv'iluce of li, or v;licn mensurcmont of: low pressures v;ith hifji 
precision i? required nn additional correction for t!ic air head (dii:- 
fercncc in /Jtino.splicric prcssuie between the piston ^jage refcrcuco level 
and the lof^l point) pihy be' required. 

Under ' noruvt 1 labortjLory conditions the air head corrections is approx^- 
imately . OOOOA psi p inch of difference in the levels. With .i ratio 
of 750 to 1 for the effect of oil. versus air head it is obvious that 
for most work the air head correction may be i^rnorcd Xvhcn liquid rredia 
are used as the pressure tvansr.iitting fluids. 



6. FACTORS AFFECTIKG VERFOV^'uMiCE 



The performance of dead weiglit: loaded piston gages should not limit the 
/accuracy of, jiieasuromc-nts made with the instrument. At lox-; pressures the 
uncertainty of the value of tlie area Aj^ is usually the limitation^ and 
at high pressures the uncertainty in the value of the pressure coeffi- 
cient of area b, may he the limitation. The reproducibility of a piston 
gage in good working conditi on should be better than one part iu twenty 
thousand in order to achieve the greatest possible accuracy. 

6'^. 1 Rccentric Load Error ^ 



Errati.c behavior has sometimes been obser^ved If the weights axe stacked 
off center. The "eccentric. load error*' is the most common cause of poor 
performance of piston gages. Errors in the pressure exceeding one part 
in a thousand have been observed. The magnitude of-^eccentr ic load error 
has been observed to be a function of the speed- but not the direction 
of rotation of the v;ci[;hts, and depends on the eccentricity anci magnitude 
of the load, the alinnmerit of the piston, cylinder, and guide bearing and 
the clearance betv?cen the piston and cylinder and in the guide bearing, 
and the leveling of tlie instrument. 

Design of the v/cights are an important consideration in reducing, eccen- 
tric load error. The diameter should be large, so that the height of 
the otack does not exceed the diameter. Individual weights sliould be 
balanced and sliould nest or index on t))e piston )So that the load is bal-. 
aneed. 
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Som?. tiecliiijques for reducing occcmLvic^ load error arc as i;allov;s: 

1 , . Leve 1 the piston piston rota tcs abou t a 

vertical axis. This ir> done by placing a bubble level on 
the piston and adjiistrng the instrurncnt so that the piston 
and bubble level can be rotated toj^ether to any position 
without any change in indication, 

2. Stack the v;ei£;hts so that they are centered on the axis of 
rotation. 

3* Avoid e>:cess3.ve speed- of -rota t ion . 



6.2 Corkscrewing 

A helical scrat'^h or tool mark on the piston, cylinder or guide bearing- 
of a piston gage* may result in an error known as "corkscrewing". This 
is a function of the speed and direction of rotation of the piston. It 
is usually negligible, but. in sevejre cases may am9unt to as much as one 
*' part in a thousand. Corkscrew error can be reduced by avoiding exces- 
sive .rotational speed. The user should not fall into the habit of . making 
all observations with the piston rotating in one direction. About half 
of the observations should be made v;ith the piston rotating In each di- 
rection. The observer .will than be in a position to notice the corkscrev; 
error if it appears. Re can, if he wishes, .average readings taken with . 
the two directions of rotation. 

^ ■■ ' ' •■ '■ 

6.3 Llould Duoya ncy . , 

. TliG buoyancy of the pressure transmitting liquid acting upon the piston . 
assembly _can*^be accounted for if- it is constant and not too large. In 
some cases the secondary guide piston passes through a cavity that may 
be parytially or entirely filled with liquid. As tlie piston moves up 
and dovni and .the oil level lowers and rises, the effect of buoyancy may. ' 
vary from ^ero to as much as 0.5 psi . Use of a piston gage having va.r.i- 
al>Ic buoyancy necessitates a technique whereby the buoyancy can be made 
^reproducible and known. 

^1 , ■ • ' ' - 

6. A Drive Error • 



lliere are numerous ways .by which the piston may be driven in a rotational 
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or oscillatory manner. Nearly all inOLlinds rviy liiip.irl. n vertical cor.^.-^- 
ncnt of force to the piston, This vorticiil co-.apontnit v;ill be prcpor t ic^r.n 1 
to the torque required lo drive the pisLcu mid v.'ill be :i function' of I.'>r.c:, 
spend, friction, nnd level. Tlie rcsult;iut error jiiny bt: ]io[;Iip,ib] e or -zy 
be very hnrj^e. One tcr.t to determine the r.in^:;ai. tudc of drive error if,- to 
compare tiie results obL.'iined with the drive ia oper.'iLion, v;it:h Che re5^:lt£ 
obLaiucd x^rlIen the pislon and lo<2d are co<t sting free from the drive. A 
pended, no:i*-rotn tin?, load r;};iy oscillate abnornally when the pi.*; Ion is ro- 
tated or oscillated at a j^ar ticular npced. Such speeds should he avoided. 

6. 5 V^eijihts 

Tlie V7cights should be no nniagae tic, solid, and preferably of a liard, non- 
porous metal, sucli as l)rass or stainless i.teel. The surface finish should 
be smooth, pi'oferably polished. Other considerations svich as ba lance, di- 
ameter, and indexing are discussed above in connection \:ith eccentric lond 
effect. 



6.6 Friction 



Friction in a piston z^i^^ reduces the sensitivity and reproducibility of 
the in.struiiient to a marked degree. Excessive friction results £ro;n eccen- 
tric loading, improper level.inr,, r.iisa lign.rient of tlic pis ton- cy Under -guide 
beariUii assembly and either excessive or insufficient clearance between 
the piston and cylinder. Friction in the bearing betv;een the piston and 
yoke of a suspended, nonrotatin^j load may also be excessive'. 

WhSn the weights are :loaded on the piston and set into rotation, they 
should continue to rotate for several minutes. The sinnlest and nost re- 
V vealinR criteria of perfornance is the c:*astin^, tiino oC a. freely spinnin?. 
loaded pis ton 1 



6.7 Fall Rate 



When the piston g^ge is connected to a leak tight system and the piston 
set into rotation, tlie piston v;ill fall slowly as a result of tlie leak 
betv:een it and the cylinder. The rate of fall will depend upon the clear- 
ance, length of crevice, diameter of the plslionj pressure, viscosity of 
the fluid and concentricity of the piston and cylinder. Re-entrant cylinder 
piston gages should have their maxiinuni fall rate at a pressure about one 
half of the range. Simple cylinder piston gages usually luave fall rates 
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whicli increase vith pressure: lIowLsver, nt very high pressures most pres* 
sure fluids exhi!5i. i: a very r<T))id incjc.i.se in vi.scosil.y with pressure so 
that the fall rate may not incrctisc as rapidly as expected. (A fall rate 
of 1/10 on an incl) per minute is indicative of a poor quality gage and one 
likely to be unrelii?ble for even routine pressure measurements.) 

6 . 8 A fix n 5: H f f o c t s 

A dimensional change of the piston or cylinder which affects the effec- 
tive area significantly will be accompanied by a large change in the rate 
of lealc of fluid between the piston and cylinder. Tlie leak may be meas- 
ured by observing tlie rate of fall of the piston when the gage is con- 
nected to a tigl^t system of small volume. 

6.9 Fluid Viscosity 

The effective area of the piston is not affected by the viscosity of the 
pressure fluids, but the sensitivity ^ fall rate, and wear rate are af- 
fected by the viscosity. The best viscosity is one that will be high 
enougli for a reasonable fall ralte but not so high as to make t)'e spin 
time too short and cause sluggish operation. 

* * 

6.10 Leaks 



Leaks other than that between the piston and cylinder, may result in pres- 
sure drop in connecting lines or in excessive fall rate either of vjhlch 
might result in significant measurement error. 

6.11 Line Restriction 



Long or small diameter ;:onnecting lines or other restrictions may result 
in significant pressure drop v;hen leaks are present. Ordinarily small 
diameter lines are not objectionable when the piston gage is connected to 
a tight closed system. When two piston gages are to be balanced against 
each other a restriction between them may result in slow insensitive op- 
eration. This nearly alv:ays is true when oil is used to transmit the 
presfjuro. An air lubricated piston gage connected to a large volume sys- 
tem .or to another air lubricated piston gage may oscillate between the 
piston stops. The oscillations can be reduced by introducing a restric- 
^tion in the line to obtain sufficient damping of the system so that a 
balance can hii achieved. 
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?• PRESSURE ?:quatio.n 

The -pressure dovclopod by a dc.id v;ei^;ht junton gP^gc. is given by: 
!jn /i. ' ^ll fi - _£^\ 11 



P 



[n- a (L-t^)] (1 + bPp ) [l-^d(P^^ + S^Pp - P.)j 



v;here, the reference level is delerinincd ns discussed in paragraph 

\ 

In the above equation: 



Pp = The pressure at the reference level in pounds per 
square inch. 

Mj^ = Tlie apparent n:ass of the loading weights, including 

the piston assembly, in pounds. 

= The effective area at atmospheric pressure and . 

temperature t^. ^ 
= The mean density of the air displaced by the load in grams 

per cubic centimeter. .. 

/) = Tlie density of the loading weight (8.4 grams per cubic 
r m 

centimeter for in apparent mass ). 
m 

= Mass of the pressure fluid contributing, to the load on the 
' piston. 

/D^ = The density of the pressure fluid at atn:ospheric ptessure 
in grams per cubic centimeter. 
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k = The pi-opoL-tiPiuili.ty consf.ant for stniiclnrd ci'^vity -—-I^— 



Si 

r 



The 1oc<'j1 acceleration clue l:o ^rnvlty in cnj/sGc . 
'Die surfnce tension of the prer.curo fluid. 
C = 'Die circumference of the piston at the surface of the 
pres.sure fluid . 

a = The fractional change in arcr. per degree C (equal to the 
sum of the thermal coefficients of linear expansion of the 
• piston and cylinder), 
t = ITie temperature of the piston gage in degrees C. 
tg = The temperature,' in degrees C, at which the value of Aq 
is knov.na. 

b = The fractional change in area per unit change in* pressure, 
d = The fractional change in area per unit change in jacket 
pressure ; 

P = The jacket pressure required to reduce the piston/ 
cylinder .clearance to zero- v;hen Pp = 0. 



zo 



S = Rate of cbange of zero clearance jacket pressure 

z ■ ' ■ . 

with measured pressure. j 
p = The jacket pressure. • 

The above equation, although not rigorously exact, is adequate for pres- 
sure measurements v;ithiu the Navy Calibration Program. So-lying it for 
each pressure measurement could prove unnecessarily laborious, however, 
terms may be grouped to reduce caiculations to reasonable proportions, 
and soj:ie terms may be eliminated in con.^bnnnce v;ith tiio required pre- • 
cislon of the neasuremer t.. . . 

Tlie importance of ea J . factor and • term depends* on .. tlie ■ de sign of vth^ 
inFtrument, the environment , and the appl ication, . and none sh.ould be 
eliminated without an evaluation to determine its sign! f icancc , . 
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Appendix I— REPORT OF CALIBRATION FOR DEADWEIGHT TESTER 



8. • CONCLUSIOIsWJ';!) ACKKOm'LKPGLIMI: :<T ' 

Tilis supplement is inLcndcd to present pi\Tctic^il discunsi.on of 
tho ftTctors which affect the measurement of pressure witih .a dead 
weigl^t piston G^nge. A detailed teclniical discussion is contained, 
in NBS Monograph 63, "Reduction of Data for Piston Gage Pressure 
Measurements^'. The material in this supplement has been freely 
adapted from Mono£;raph. 65, other unpublished sources, and combined 
with several years of practical experience in the calibration of 
piston gages at the ESL. 



INDEX 



A 

Adding machine adjustments, 329-345 
error key mechanism, 330 
form spacing mc^chanism, 330 
intermediate indexing mechanism, 335 
minus balance mechanism, 345 
motor bar and control key interlocks, 331 
non-add mechanism, 340 
register carry mechanism', 340-345 
register meshing controls, 338-339 
register selector-^mechanism, 336 
repeat key interlock, 330 
subtract mechanism, 340 
symbol indexing mechanisms, 332-335 
total keys index hammerblock mechanism, 335 
total timing mechanism, 345 
: Adding machine disassembly and cleaning, 329 

Administration, 7-44 

group supervisor, 11-15 

instructional program, 35 

job planning, 31-33 

quality control, Si> 

records and reports, 15 

repair department organization, 7-11 

security, 44 

3-M utilization and documentation, 15-30 

training, 33 
Advancement in rate, 3 
Air sampling and analysis, 55 
American Society for Testing and Materials * 

(ASTM) standards, 80 
Aneroid barometers, 96 
Atmospheric pressure, nature of, 72-74 



B 

Balance staff, 
• defects in, 115 

measm»ements for, 174 
• m^.thods of turning, 175 

removing balance wheel, 116 

replacing, 110 



Balance staff —.Continued 

staking friction-filling, 118 ^ 

staking top-groove, 117 

turning off hub, 116 

turning off rivet, 117 

tui^ning off roller seat, ,116 
Barometers, 96 * 

calibration of aneroid barometers, 96 

construction features, 96 

Friez type aneroid, 98 

Taylor type aneroid, 97 
Bibliography for Advancement Study, 3 
Borroughs cash register, 329 
Bourdon tube pressure gages, calibration of, 99 
Brequet hairspring, 148 



C 

Calculators, 270-308 - 
Calibration checklist, 66 
Calibration of MIRCS standards, 61 
Calibration servicing labels and tags, 61-65 
Capacitors, discharging, safety in, 47 
Classification of subject matter, 36 
Clean calibration area, 77-80 
Clean room pressure gage calibration system 
78 

Cleaning the IBM selectric typewriter, 268 
Clock and watch repairing, 110-155 
Clock testing and adjustments, 172-173 
Code assignment, 27 
Colleting, 136-140 
Correspondence courses, 6 
Cross-Ciieck system, 30 

D 

Daily Exception Card, 25 
DD Form 1348, 2C 
Deadweight testers, 75 

Deadweight testers as reference standards, 98- 
100 

Decade resistance box, 89 
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INDEX 



Electric typewriters, 194-269 
Electrical safety, 46-48 

discharging capacitors, 47 

emergency procedures, 48 

grounding, 47 

insulating floor covering, 48 

replacing fuses, 47 
Error correction/deletion procedures, 23 
Escapement, 125-136 

functions, 126-132 

purpose of, 126 

repairing, 132-136 

terminology, 125 
Exception Time. Accounting, 24 

ETA codes, 25 



F 



Fabric ribbon, 263-268 
Flame safety lamp, 56 

Fleet Mechanical Calibration Laboratories 

(FMCLs), 59 f 
Flow calibration area, 80 
Fuses, replacing, safety in, 47 



G 



Gas-free engineer, 54 
Grade codes, 25 
Of ounding, safety in, 47 
Group supervisor, 11-15 
Guard pin shake, 128 



H 



Ha'rspring manipulation, 136-155 

colleting, 136-140 

errors in the flat, 143 

overcoiling, 148-155 

preliminary check, 145 

truing, 140-143 

vibrating, 143-148 
Handtools, 52 
Hoovermeter, 222 
Hot work, 55 

Hydraulic calibration area, 75-77 

Hydraulic pressure gage calibration system, 76 

Hysteresis test, 100 



IBM selectric typewriter, 194-269 

Instrument bushings, 191 

Instrument calibration procedures,. 90-109 

barometers, 96 

liquidometers, 103-109 

numbering system, 91 

temperature measurement instruments, 100- 
103 

torque testers, 90-95 

using deadweight testers as reference stand- 
ards, 98-100 
Insulating floor covering, safety in, 48 
Isochronal adjusting, 161-164 

adjusting regulator pins, 163 

checking rates, 161-163 

J 

Jewel mountings, 191-193 
Job inspections, 13 
Job planning, 31-33 



L 



Labor codes, 25 

Labor Utilization Report, 25 

Lesson plans, 38 

Linearity test, 99 

Liquidometers, 103-109 
calibrating, 105-107 
maintenance, 107-109 
operating principle , 103-105 

Low pressure calibration area, 70-74 



Main watch train, 123-125 

Mainspring barrel arbor, 190 

Maintenance Data Collection Subsystem, 17 

Maintenance Data Form, 18 

Man-hour Accounting Subsystem, 24 

Manufacturing, 174-193 

instrument bushings, 191 
jewel mountings, 191-193 
mainspring barrel arbor, 190 
pressure gage pinion staff, 183 
watch balance staff, 174-183 
watch stem, 183-190 
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Marchant Figux^emaster Calculator, 270 
auton7atic multiplication, 287-303 
carriage, 277-284 
cleaning, 308 
cover plates, 270-273 
drive assembly, 276 
main clutch assembly, removal of, 305 
main clutch assembly, replacement of, 30.5 
motor unit, 274-276 ^ 
numeral keys, 273 

right setting line bushing and setting clutch, 

x^emoval of, 30*6 
selective carriage return, 284-287 
shift clutch assembly^ adjustment of, 304 
shift clutch assembW, removal of, 304 
subtract bar, 287 

Master balance method, 147 

Mater al control, 27-30 

Mecha.i':)al instrument Repair and Calibration 
Shops, 58-89 • 
adjusting and operating the temperp.ture 

controller, 85-87 
decade resistance box, 89 
millivolt box, 87 . 
Navy Calibration Program, 58-66 
resistance t?;: j:^^r'.): eter bridge, 89 
starting and . ^ the speedomax, 83-85 

workcenter locaixon and arrangement, 66-83 
ASTM standards, 80 
clean calibration area^ 77-80 
clear.^ng and repair area, 66-70. 
flow calibration area, 80 
hydraulic calibration. area, 75-77 
low pressure calibration area, 70-74 
miscellaneous test and calibration area, 
74 

office and work control area, 66 
tachonieter calibration area, 70 
temperature calibration area, 80 
tool issue area, 66 
torque area, 70 

Millivolt box, 87 

MIRCS labels, 65 



N 



l^ational cash registers, 309-329 

adjustments, 328 

disassembly, 327 

mechan'jsms and parts, 309-327 

reassen.bly, 328 
Naval training publications, 3 
NavSup Form 1250, 28 
Navv calibration checklist, 93 



Navy Calibration Program, 58-66 

calibration checklist, 66 

calibration of MIRCS standards, 61 

calibration servicing labels and tags, 61-65 

MIRCS labels, 65 

prepai'ation for shipment, 65 

standardization, 59-61 

traceability of standards, 58 
Nitrogen booster, 77 



O 

Office. machines,J5i4 

Oscillation counting method, 146 

Overcoiling, 148-155 

Brequet hairspring, 148 
finishing procedure, 155 
gradual bend method, 153 
procedure, 149 

.Oyertimi3 reporting, 27 

Own equipment maintenance, 27 



P 

PaV )t arbor, installing, 132 
Planned Maintenance Subsystem, 17 
i-^orlkble power tools, 53 
Position adjustments, watch, 164-169 
Pressure gage pinion staff, 183 



O 

Quality control, 30 



R 

Rate Training Manuals, 3 

Records and reports, 15 

!^e: air department organization, 7-11 

assistant repair officer, 9 

duty division petty off^ jer, 10 

duty police petty offr>er, 11 

duty repair chief pevty officer, 10 

duty repair officer, 10 , 

repair division shop supervisor, 11 ' 

repair officer, 9 r 

ship superintendents; 9 
Repeatability test, 100 
Resistance thermomster bridge, 89 
Roller jewel, 

clearance, 128 

freedom, 127 



INDEX 



Roller jewel — Conti.med 

replacing, 132 

shake, 128 
Uotatable pools, 28 



S 

Safety, 45-57 

education and promotion^ 48-52 
electx^ical, 46-48 
enforcement, 46 
information sources, 49 
notations, 55 
progi^am, 45 
responsibility for, 45 
talks, 49 

ten commandments of, 46 

tools and machinery, 52-54 

training in, 52.^ 

work in confined spaces. 54-57 
Safetygram forms, 50 
Ship superintendents, 9 
Shop machinery, 53 

Speedomax resistance thermometers, 100 
Speedomax, starting and adjusting, 83-85 

ampli/ier gain, 85 

amplifier grounding, 85 

damping, 84 

range conversion, 85 ^ 
startup, 83 
zero-offset, 84 
Standardization, 59-61 > 



7 

"Tachometer calibration aroa, 70 s 
•Temperature bath controller (adjustments, 103 
Temperature calibration equipment, 87-89 
Temperature controller, adjusting and operating, 
85-{f7 

Tempt^irature measurement instruments, 100-103 
speedomax resistance thermometers, 100 

Ten commandments of safety, 46 

Thermonieter calibration baths, 82 

3-M utilization and documentation, 15-30 

Maintenance Data Collection Subsystem, 17 
Man-hour Accounting Subsystem, 24 
material, control, 27 
Planned ./V^aintenanee Subsystem, 17 
Worldop.d Planning and Control Subsystem, 17 

Timing machine, 1S6-161 
data; 157-161 , - 

types of, 156 

Tools and machinery, 52 



Torque area , 70 
Torque testers, 90-95 

basic principles, 91 

calibration of,' 92-95 
Toxic gases, 56 
Training, 33-44 

administrative guidelines, 34 

categories, 37 , 

classification of subject matter, 36 

evaluation, 41 

information sheet, 42 

instructional program, 35 

purposes, 34 

re vi^-^nsibilities, 33 
Training films, 6 ^ 
Truing, hairspring, 140-J,43* ^ 
Turning balance staff, methods 1 and 2, 175-183 
Typewriter, IBM selectvic, 194-269 

alignment, 221-228 

backspace, 245-248 i 

carrier return, 248-252 

cleaning, 268-269 

cycle clutch operation, 219-221 

fabric ribbon, 263-268 

indexing the platen variable, 252-255 

keyboard section and Gharr:i=t^r selection, 

207-214 ' /'^ 

mainspring, 237 

margin control, 260-262 * 
motor and drive, 194-197 
operational cams and control mechanism, 
238-245 

paper feed and. release mechanisms, 262 

print escapement, 233-237 

print mechanism, 228-233 

rotate mechanism, 203 207 

shift mechanism, 214-219 

space bar, 245 

tabulator, 255-260 

tilt mechanism, 199-202 

type head, 197-199 



W 

Watch adjustments, 156-173 

acijustments for te^nperature, 161 
final regulations, 171 
isochronal adjusting, 161-164 
position adjustments, 164-169 
putting a watch in beat, 169-171 
timing machine, 156-161 

Watch and clock repairing, 110-155 
casualty analj'Sis, 110 
escapement, 125-136 
hairspring manipulation, 136-155 
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Watch and clock repairing—^- ontinued 
main watch train, 123-I2b . 
replacement of parts, 110 
balance staff, 110-117 
cannon pinion, 117-119 
mainspring, 119-123 
troubleshooting chart, 111-114 



Watch balance staff, 174-183 
Watch stem, 183-190 
Work center codes, 25 

Work request, procedures for closing out, 23 
Work Supplement Card, 20 
Workcenter location and arrangement, 66-83 
Workload Planning and Control Subsystem, 17 
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YOU CAN HELP 

■MMMV MWMr-» MMMMMM 

Commenss and rccoma\endations received from users have been a mafor 
scurce cf textbook improvement. You are invited to submit your construc- 
tive criticisms and recommendations. Use ihis cut-out form, writing your 
comments and recommendations in the form letter on the back side of this 
page. Typewrite, if possible, but readable handwriting is acceptable. If 
you wane (o make a specific poiru or indicate a technical correction, do so, 
but give the source of your information . This could be the cert or refer- 
ence source(s) and page •lurober(s) where it can be 'ound, or a character- 
istic of a piece of equipment which you can identify, or y^ur personal 
knowledge about a matter concerning your rate that is wrong in the text. 
If you have a difference of opinion as to how a statement is made, give 
your reason (s) for the difference . If you wish to recommend a difference 
in style, slant, or depth of treatment of any subject matter, write out 
your point of view in an example . 
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